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Mr. ABERNETHY,  Vice-President,  desired to call  attention  to one 
or two  points in  the Paper  involving  important questions of 
hydraulic  engineering science. Before doing so he wished to 
remark that Mr.  Mackenzie, in  his  Paper,  had scarcely  done justice 
t o  the  authorities of the  Port of Bristol, who, when the subject of 
ocean navigation became an  important questidn,  constructed docks 
at very  great cost under  the direction of the  late Mr. Brunel for 
the accommodation particularly of the required class of steamers ; 
and certainly at  that time those  docks  were in advance  generally of 
similar works in  other  parts of the kingdom. 

The Paper  by Mr.  Mackenzie was somewhat  exceptional, inasmuch 
as he  had  not  only  detailed all  the various  operations connected wit,h 
the construction of the works a t  Avonmouth dock ; but  he  had also 
described to a considerable extent  the failures that had occurred, 
not  simply during  the construction of the works, but from their 
completion to  the present time.  As he  had himself  been engaged as 
far back as 1864 in promoting  a  Bill in  Parliament  for those  works, 
and had  subsequently  visited the site a t  various periods, he could 
bear  testimony  to the  great difficulty attendant upon the construc- 
tion of docks on such  a  site,  arising from the treacherous nature of 
the alluvial  deposit  overlying the bed of the sea, which  was  liable 
t o  extensive slips on any  attempt a t  excavating, and also from the 
upward  pressure of water from the  sand  beneath  the superincum- 
bent  strata of light clay. He knew, from  experience in constructing 
such  works upon a  somewhat  similar  site, that a great amount of 
attention  and care  was  required, and  that,  with  all  the precautions 
which  prudence and foresight could. dictate,  accidents would  occur. 
He  thought it waa due to  the Engineer-in-Chief, Mr.  Brunlees, to 
say  that  the extensive  works  which he  had successfully constructed 
would easily  permit  him to  acknowledge  a  few  failures ; and  the 
younger members  of the  Institution would derive more benefit 
from  a  study of the causes  of  those failures than from the  narration 
of the construction of perfectly successful  works. He  regretted 
that Mr. Brunlees  was  not  present,  owing to a  severe domestic 
affliction. At  the commencement of the Paper reference was  made 
to  various projects for the construction of docks in the river Avon ; 
and among  others  he  had  enumerated  those  for  the  cmalisation- 
or, as  he termed it, the dockising-of the river. As projects of 
that character  were  entertained by professional men  even up to the 
present  day,  he took this opportunity of expressing the  strong 
opinion  which he  had  entertained  for  many  years of the  utter fal- 
lacy of such  works ; and  in doing so he would  use the example of 
the  river Avon as  bearing out t'he conclusions a t  which he  had 
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arrived. A reference to  the  chart of the Bristol  Channel showed 
that,  at  the mouth of that  river, a deep-water  anchorage  existed 
known by  the name of King-road. That deep water was  main- 
tained  by  the powerful tidal action of the  river Severn running 
round the concave shore  between  Passage and  Portishead;  and 
the  navigable  channel  leading across the foreshore  from King- 
road to  the  river Avon, which formed the approach to Bristol, 
was  ma.intained  solely by  the  tidal column passing up and down 
the bed of the  river from Bristol  to the sea.  Mr.  Mackenzie 
had  stated  that  the Avon was the muddiest river  in  the kingdom, 
depositing as much as l 5  inches  per  month of detritus,  and  he 
had also  pointed out  that  the  original  navigable  channel round 
the  north of Dumball  Island  had been entirely obliterated. He 
recollected that channel  when it was the main  channel of the 
river Avon.  Mr.  Mackenzie stated  that various reasons had been 
assigned  for that result.  To  his  mind it was exceedingly  simple. 
The  tidal flow of the Avon had been for many  years  gradually 
seeking  a more direct  channel  into  Eing-road,  and  as the channel 
now  existing was  slowly formed the old channel  round the  north 
of Dumball  Island  silted up, until it was  entirely  obliterated. Now, 
suppose that, for the purpose of the canalisation  or  dockising of 
the river,  a  weir  or  dam  were  thrown across the river Avon, to 
the exclusion of any material volume of the  tidal  water  ebbing 
and flowing, the same result would  ensue with  regard  to  the ex- 
isting  channel  as  had  taken place in  the former channel  round 
Dumball  Island,  namely, it would gradually silt up and become 
obliterated. Many important  ports were situated upon tidal  rivers, 
and  he  was  strongly of opinion that every attempt  to diminish the 
tidal volume of those  rivers  should  be  resisted to  the utmost. He 
would not comment upon the various  failures in  the works  men- 
tioned, because the causes of the failures  and the remedies applied 
had been clearly  set  forth in the Paper  itself. 

With reference to Mr.  Salmond's Paper on  Belfast  Harbour, the 
result of dredging  and  draining  the  river  Lagan  had been simply 
beneficial, as it had been in  the case of the  Tyne,  the Wear, and 
other rivers. The cause  of the failure of the walls a t  Belfast  was 
obvious, and it would have been  more surprising  if  they  had stood 
than it was that  they had  fallen. 

In   the Paper on Whitehaven  Harbour,  by Mr. Williams, it was 
pointed  out that  the combined  action of the construction of the 
west  pier in  the form of a  solid  groyne from the sandy foreshore, 
and also the  pier  to  the  northward,  had been to advance the low- 
water  line seaward, and  that  the  obstruction of the  littoral  currents 
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which  carried the sand in suspension  had caused a deposit  on 
each  side of the piers,  even to  the extremities, so that  the entrance 
to  the harbour  had  silted  up.  The same result  had followed the 
construction of similar works-in the case of the Suez Canal a t  
Port Sayd, which  had to be kept open by  dredging,  and also a t  
the harbours of Calais and Boulogne.  On looking at a chart of 
the  English  Channel  and  the  North Sea it would be seen that 
northward of Calais, along the coast of Belgium and Holland, the 
foreshore  consisted of sand, in  the channel,  easily  disturbed by  the 
littoral  currents  which  had  determined the normal  line of low 
water;  and seaward of that normal line of low water existed 
numerous  sandbanks. The effect of the projection of the piers a t  
Calais and Boulogne had been to advance the low-water line 
beyond the  original normal line  by  the accumulation of sand, so 
that  at  present at  Calais Harbour  there existed less depth of water 
in  the channel  entrance than  within  the  harbour ; and  the same 
result  had  taken place a t  Boulogne. In  the face of these  facts, a t  
the present  time an extensive  harbour  was  about to be  constructed 
a t  Boulogne, by  the projection of piers still  farther seaward ; not 
parallel piers, but enclosing a large space within them. It was 
argued  that  at  the  extremity of these  new  piers  a  powerful  littoral 
current now  existed,  which would remove any deposit that  might. 
take place; but  he  had no  doubt, having  regard to  what  had occurred 
a t  Calais, Boulogne, Whitehaven, Port Said, and numerous other- 
harbours, that  the effect  would be the  gradual advancement of the. 
low-water line seaward, and  the accumulation of sand at  the ex- 
tremity of the new  piers ; and  with  this addition, that by enclosing 
a large  area  within  there would  be a great accumulation,  which at. 
present  was removed within  the  harbour of Boulogne by sluicing 
from the upper part of it by  the action of the  current between the 
parallel piers. He saw no reason to  doubt that  that would  be the 
eventual  result, because the advancement of the low-water line 
and  the  gradual shoaling, consequent  upon the construction of 
the worbs,  would destroy the effect  of the  littoral  current a t  
present  existing,  and would, in  his opinion, result  in  the  entire 
failure of the  harbour  as a deep-water  harbour  on the  French coast. 
It was of vast importance that a deep-water harbour  should  be 
provided  on the coast of France, because he  was of opinion that 
" the horrors of the Channel passage " could not  be  ameliorated in 
any sensible  degree by  other means ; certainly  not  by  the construc- 
tion of naval  architectural abortions. There were two  salient  sub- 
jects to which  he hoped the discussion  would  be directed : first, the 
effect which would  follow the canalisation of navigable rivers; 
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and, secondly, the  result of the construction of harbours  upon 
sandy foreshores by  the projection of solid  piers  or  groynes at  right 
angles  to the foreshore subject to  littoral  currents. 

Mr. ALFRED GILES, &LP., agreed  with Mr. Abernethy  as  to  thc 
probable effect  of running  out lqng  piers beyond low-water mark on 
a sandy  shore. He conceived they could have  no  other  ultimate 
effect than  that of acting  as groynes,  against  which the sand would 
accumulate. The  history of Avonmouth dock reminded  him of 
the  early  history of Southampton dock, which  was  begun in 1839 
and opened in 1843. It extended  over 16  acres, and  the difficulties 
t o  be  contended with were  perhaps  as  great  as  those in  the Avon- 
mouth dock. The Nelson  column was  being  erected at  the same 
time,  and  the progress of the  two works  was so slow as to elicit 
the remark from Punch that  the boy who  was  working  on the 
column  was taken off to  help  the  other boy a t  Southampton docks. 
But  if  the progress of the Southampton docks  was: so slow, that. 
of Avonmouth dock had  been  much  slower, eight years and a 
half  being occupied in  its construction. The  Bill  was passed 
i n  1864, but,  owing to financial  and other difficulties, the work 
was  not commenced till 1868, and  the dock  was  opened in  
1877. Certainly  eight  years  and  a  half seemed a  long  time, but 
of  course it was impossible to measure  financial difficulties. The 
lock, which  was 454 feet  long,  had been very wisely  constructed 
to  take in  the largest class of steamers. It was  only the  other 
day  that a steamer  was  launched  for the Cunard  line 450 feet 
in  length.  If, however, a vessel 450 feet in  length ever  required 
to use the Avonmouth dock she would have to come out  stern 
foremost. Looking  forward  to the construction of vessels of 
that  large class, it would, he  thought, be  desirable  to make a place 
where  they could turn round  instead of going  out  stern foremost 
into  the sea, where the engines would be of little  avail,  in  the 
event of a ship  getting  into trouble. He desired to  thank Mr. 
Mackenzie for the  way  in  which  he  had described the shortcomings 
in  the construction of the dock,  because it required a great  deal 
more moral  courage on the  part of an  engineer to describe a 
failure than  to describe  a success, and much more was to be 
learned from failures than from  successes. The question of dock 
walls  was one in which  ;he  had  a  large  and  painful experience, 
and  he could only  repeat  what  he  had said  many  years ago, that  the 
quality of a dock wall was of little consequence  compared with  the 
quantity. It wanted  weight  to  resist  lateral pressure, and  he 
maintained that a dock wall  ought to  be sufficiently strong,  not 
only to hold any  amount of any  kind of backing put  against it, but 
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to  carry a head of water  equal  to its  height if it were left  dry on 
the other side. He admitted that  the walls of the Avonmouth 
dock were  not  capable of doing  that. He  thought  the section as  a 
section was amply  strong,  and that  the  fault was (as in  the case of 
most dock walls) in  the foundation. The Paper  stated that  the 
width was 22 feet 6 inches. He ha$ lately  put  up a  wall, and  had 
made the base, which wss upon  gravel, 25 feet wide. It was 40 feet 
above the bottom of the tide-way to  the coping. That  wall moved, 
not seriously, but enongh to show that a base of 25 feet  was  not 
sufficient for a  wall of that height. The  wall,  when founded  upon 
a layer of 5 or 6 feet of gravel,  did  not move, but where the clay 
was within 3 feet of the  gravel,  there  was sufficient weight upon 
the gravel to cause the  clay  underneath  to move, and  there  was  a 
slide  forward of  some  few inches, enough to destroy the  straight 
line,  although  not  enough  to  need  repair,  or to be any disad- 
vantage,  except in appearance. He  thought  that, in the case of 
most dock walls, engineers  erred in  not  making the base wide 
enough. It would be seen that  the section of the lock wall was 
pretty nearly of the same strength  as  the section of the dock 
wall. But  what  was  the difference ? It had an  invert  in  front of 
it,  and  the dock chamber  never slid. He maintained that, if a mass 
of concrete were put  in  front of the wall,  supposing it to be 40 feet 
high  with a base of 30 feet, the base being made as a  toe in front, 
the  wall would never move. Engineers  generally  erred in  not 
putting sufficient toe to  the walls. Then  there was  another  point 
often lost, sight of. The  ground in  the foundations  as seen  before 
the  water  was  let  in,  was probably dry and  hard,  but consideration 
should be paid to  the change that would take place after it had 
been saturated  with  water for many years. Such  a change would 
often cause a wall  to slide  forward. He believed that had occurred 
a t  Barrow,  where  a wall  which  had been standing for many years 
all  at once slid into  the  entrance.  The same kind of trouble  had 
been experienced with  the walls a t  Belfast. He did not approve 
of the means  usually  adopted in  repairing damage of that  sort,  by 
putting a  huge  counterfort  behind  a solid wall. He believed that, 
if the  water were let out of the dock, the  wall would separate from 
the counterfort and  fall forward. Be  had  tried  that plan, and  had 
found it fail. The only thing  he  had  found of use was  a  buttress 
in  front of the wall,  and  not behind.  Where the  wall was just 
upon the balance, instead of attempting  to  strengthen it by an 
expensive and  doubtful method, he  thought  the cheapest and 
simplest  way  was to  take  out a certain  amount of soil from the 
back of the wall,  to lessen the  weight  that  the  wall  had  to  carry, 
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and to cover over the space so relieved  by a timber plat.form. There 
was  nothing nicer to work on than a timber  platform, although in 
such a situation it became little  better  than a fungus-bed, and  the 
timber required  renewing  every ten  or twelve years. That was 
the experience a t  Southampton.  Many of the  walls were backed 
with timber. The walls put  up  nearly  forty  years ago  were  not 
able to  bear the  weight  when loaded up  to  the coping height,  but 
by excavating 10 or 12 feet deep for  a space of 30 feet wide  from the 
back of the wall,  and  covering the space with a timber  platform, 
they stood remarkably well. He  had seen the  temporary  dam a t  
Avonmouth  when the gates were being finished, and he  did  not think 
he  had  ever seen any dam more perfect, or  better  adapted  to its 
purpose. ,With  regard  to  the  gates,  he confessed that he  was a little 
staggered ' t o  hear of two  rollers  being used, particularly when he 
heard that  the deposit in  the  water  was  something  like 15 feet a 
year. With  that  extent of deposit the least  contact  there  was with 
the bottom the better,  and  he  should  be  very  much  afraid that before 
long some trouble would be experienced in working  the gates. He 
had  always  understood  that  the dock was to have  been filled with 
fresh  water for the pnrpose of avoiding the  risk of deposit from the 
Avon, but  he believed there  was no provision for that,  the  water 
now used being  out of the channel. I t  was a serious  question 
for t.hose intet.ested in  the dock to  know  how it was  to be kept 
open,  or how the lock  was to be  worked  after a short  time when 
there was so large a deposit. The  statement as to the cost  of 
the works had  struck him as being  much in favour of granite ; Forest 
.of  Dean stone at 3s. Gd. per  cubic foot was used instead of granite, 
which could be  got,  ready for setting, a t  35. He was  now using 
granite  at  that  price; t,he hollow quoins cost 4s. Gd., but  the 
ordinary blocks only 3s. or 2s. 9d. per  cubic foot. He could say 
nothing  with  regard to the Belfast Paper, because there were no 
plans  to  show  the  general improvements in the  harbour ; but  with 
regard  to  the  failure of' the  walls there, the same remarks might 
apply as  to failures elsewhere. 

Mr. WALTER R. BROWNE hoped he  might be excused in making 
a few remarks on the subject of the Avonmouth docks,  because, 
during  part of the  time of their construction, he was  engaged 
on the works  which, as Mr. Mackenzie had mentioned, were  being 
carried out  a t  Bristol  itself for the improvement of the  existing 
docks, at the expense of the Corporation, and under the superin- 
tendence of Mr. Thomas Eoward ; he  had  therefore  had the oppor- 
tunity of seeing a good deal of similar  work,  and of meeting  the 
same  sort of' difficulties as those encountered  by the constructors 
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of the  Avonaouth dock. He would, however, confine his obser- 
vations to three points. First,  the  slip of the wall, on which 
Mr. Giles  ,had  already commented. He  had seen the first siip of 
the western  wall,  shown in  Plate 1, Fig. 10, a few days  after it 
had'happened,  and  he  waejcertainly  very much  imprewed by the 
sight. As far as he could remember, and  judging  by  a  rough 
sketch  he  had  taken at  the time,  Fig. 10 did  not  exactly  represent 
the way in  which  the  wall  had  gone out. The  central  part,  which 
had gone the  farthest  forward,  was much longer  than  appeared  in 
the diagram,  which  represented  two  wings  meeting at  an apex in 
the cent,re. His sketch  showed a flat part for the  greatest  portion 
of the  length  which had  given  way,  with  two  returned  portions 
much  shorter than  in  the diagram,  and  inclined a t  a  sharper angle, 
uniting it on each side to  the  part  which  had  not moved. It was 
impressive  to see how at  the  junction of those inclined parts  with 
the  straight  parts  the solid blocks of Forest of Dean  stone  had 
been cracked through  like so many pebbles, and also how the whole 
wall  had been  moved bodily forward  by  the  pressure  behind it, a 
distance of 12 or 15 feet, leaving  a  huge  pit at  the back where 
the made  ground  thrown in for the  backing  had  sunk down. One 
point confirmed (as his own experience  had confirmed) the  remark 
of Mr. Giles  as  to  the necessity of a  better concrete footing to 
the wall. At each end of the  central  part  the  concrete footing  had 
been actually  shorn  through, or broken  right across by  the  weight 
of  the  wall  which  had sunk down  for some distance, carrying  the 
concrete  with it. That appeared  to  point to  the fact that  the 
concrete  was too thin t o  start  with, as  well  as  not  being  supported 
properly at   the bottom, so that  the weight of the  wall had been 
sufficient fairly  to  break it through.  Although no doubt the 
failure at  that spot  might  have been due to some local cause such 
as Mr. Mackenzie had mentioned, the lesson which  ought to  be 
drawn from it was the extreme  danger of building  a  wall upon  clay 
which  there  was reason to suppose was originally  laid down at  
the bottom of a  tidal  estuary, as  was  doubtless  the case with  the 
clay a t  Avonmouth. The  same clay  was  met with  throughout 
the  tidal course of the Avon. When  first dug down upon,  while 
dry, it looked sound and firm, and  there was no reason for surprise 
that engineers,  when  dealing with it for the first  time,  should 
think  that  they  had  a good foundation;  but  the moment water 
settled upon it the  clay  melted  like  sugar; it ran  away  into 
slurry, was squeezed out  in  all directions, and was  absolutely 
useless for any purposes of foundation. In  fact, it had been wet 
mud  originally, and when  wet it returned t o  mud  again. 

Downloaded by [ UNIVERSITY OF BATH] on [13/09/16]. Copyright © ICE Publishing, all rights reserved.



56 MINUTES OF PROCXJ3DINGS. 

Mr. Giles had  stated so exactly what  he should  himself wish to 
say  as  to  the  other peculiarities of the wall, that  he would pass on 
to  the second point-that of the lock gates. He  thought it must 
be  admitted that  the designers of the Avonmouth docks  took a bold 
step  when  they resolved to make  gates  for  a lock of that  width 
of timber. Of course, he was aware that  the  great  gates of the 
100 feet lock a t  Liverpool  were of timber,  and  that  might be 
quoted as a  precedent  showing that it was feasible to make timber 
gates  for  a lock of that span ; but it should be  remembered that  at  
Liverpool the rise of the  tide  was much  smaller  than a t  Bristol, 
and consequently the pressure to which  those  gates  were exposed 
was  but a  fraction of that  at Avonmouth. Then on examining, 
in  the Paper, the principles  and calculations by  which  the  gates 
were  constructed, he found himself  confronted by  the well-known 
formula t = pr.  Some years  ago  he  had  read  a  Paper before the 
Institution on the  strength of lock gates,l when he brought forward 
some  reaRons for thinking  that  this formula  was not so universally 
applicable as  generally supposed. As the point  had now been 
alluded to again,  he  might  be allowed to make one observation 
respecting it. The formula  was  only rigidly  and accurately true 
in  the case of an indefinitely thin cylinder of perfectly homo- 
geneous material  under  an  uniform  external pressure  normal to  the 
surface. Now,  before applying  the formula in practice, it seemed 
desirable  to  arrive a t  least a t  some understanding  as to  how 
far  the  structure answered  to,  or differed from, the ideal case for 
which the formula  was rigidly  true.  Certainly in the  structure  in 
question the divergency from that ideal  was serious, and  he  was 
quite  sure  that  the  formula could not  be made to  fit int.0 it by 
the simple device of shaping  the outside line of the  gate  to  the 
exact form of an  arc of a circle. It was obvious that  the  line 
which  required to be circular-if there was any magic in  the 
circular form-was not the outside  line, but  the  line which passed 
through  the  centre of pressure of all  the cross-sections of the 
gate, and which would  correspond to  the  ideal  line of the ideal 
cylinder. Where  that  line passed, even in  the iron gates, where 
construction  was  comparatively simple,  was, as  he could personally 
testify, by no means  easy  to  determine.  Where it passed in a gate 
built up of thirty or  forty pieces of timber,  he defied any  gentleman 
to determine,  either  by  practical  or theoretical considerations. The 
outside  line, in fact,  had  practically no pressure upon it, because, in 
almost all cases, it was  cut  away at the  mitre  in order t o  insure the  

Vide Minutes of Proceedings Inst. C.E., vol. xssi., p. 317. 
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gate’s shutting properly, and consequently,  whatever virtue  there 
was in the formula, it could not  apply to  that case. He did nct 
deny  that  the  gates described might be quite sufficient for their 
purpose, but  they  certainly were not proved to be sufficient by the 
simple  fact that  they  gave a sufficient factor of safety  when  tested 
by  the formula t = pr. He agreed with Mr. Giles that  the use 
of a second roller, especially with no means of adjusting  it,  was 
a  somewhat  doubtful measure, since with  two rollers i t  was  almost 
impossible to  tell how a gate would bear ; but  as  to keeping the 
lock clear, he  did not anticipate  any difficulty as long as  proper 
attention  was paid to scouring it out a t  low-water  spring tide. 
That  plan  had been in  constant  use at Bristol with satisfactory 
results. R e  desired to point  out that  although  the  gates  might 
have  worked  well hitherto,  that  was no guarantee that they would 
SO work  always. Of course the first  result of letting  in  water 
upon a timber  gate was to swell up  all t,he  joints, to  bring every- 
thing together,  and so to make the  gate for the  time  being  firmer 
to resist compression ; and  that would be the case as  long  as the 
timbers  continued sonnd. Rut whenever the  natural process of 
decay, to  which  all  timber  structures  were exposed (especially it 
structure  like a lock gate, subjected perpetually to  alternate 
wetting  and drying), began to act, it was  doubtful  whether con- 
siderable expense  would not  be  required to keep the  gates water- 
tight  and secure. 

He  would now pass to  the  third question-that of the foun- 
dations-and although  his  remarks  might seem to be more of 
geological than engineering  interest,  they  had an  important prac- 
tical  bearing on what Mr. Abernethy  had  stated. During  the 
works a t  Bristol it was  necessary to  sink for the formation of 
a large lock a t  Cumberland  basin, the sills of which were about 
3 feet  higher  than  those of Avonmouth  dock. He had  a  note of the 
section of ground passed through  in  sinking for the foundations : 
12 feet of brown clay; 25 feet of blue silt  apparently  much the 
same as  the silt that now  formed on the shores of the Avon; 1 foot 
of mixed  sand and clay, in which mere numerous  oak-trees,  horns 
and bones of animals, and  other  remains ; 6 feet of gravel  and 
sand ; and  then  new red  sandstone rock. The bed of grarel  and 
sand lying above the new  red  sandstone rock was  perfectly clean, 
and the  water  ran  out a s  clear  as possible, but it was brackish. 
On looking  over the pebbles contained in it he found specimens of 
almost all  the numerous  formations  which the  river Avon cut 
through  in its course to  the  sea;  proving conclusiyely that  the 
gravel represented an old bed  of the  river, which, at some time o r  
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other,  had  cut its way  transversely across the  site of the  new look, 
and had  left a deposit of silt on the  top of what had once  been a 
low-water  channel. H e  had been much puzzled to account for 
the gravel,  which apparently  had been clo* to  .the bo#dm of the 
river,  being so clean, and had suggested that it WBS dde  to-lhe  fact 
that  the Avon was  not at   that  time a tidal  river, and.  that  .the 
celebrated  gorge a t  Clifton could not thendhava  been cubdown  to 
its present  depth.  Two  things had  shown  hini that he wds wrong 
in  that suggestion. First, thd  fact  that Mr. Mackenzie had  found 
the same  bed of gravel, at abouf the same  depth,  or a little lower, 
a t  Avonmouth,  where  clearly no such cause  could have  existed. 
Secondly, the curious experience'  obtained a year  or  two  later, 
when, in  order to  straightell  the -course of the Avon a little  way 
below Bristol, a dredger  was  sent  out  to  dredge in the low-water 
channel of the river.  She commenced work  almost  immediately 
below the Clifton  suspension,  bridge.  Many Members must  have 
looked down  from the bridge,  and would remember what an ex- 
tremely  muddy  stream  they beheld ; nevertheless, the spoil  which 
the dredger  brought up consisted of gravel  and sand and blocks 
of stone so clean that it was taken on shore, and merely  required 
the  breaking  up of the  large blocks of stone, with  the addition 
of a proper  quantity of lime, to make it  into concrete : some  thou- 
sands of tons  were  actually  made in  that way. That showed 
clearly that  the bottom of the low-water  channel of a tidal  river 
could  be  kept  clear by  the  action of low water ; whereas the sides, 
which  were exposed to  the  tidal flow, were  always  many  feet deep 
in  mud. That  brought  him  to  the question of tidal scour, a very 
important  point  which it was most desirable to clear  up. He was 
not  expressing  his  own  opinion  merely;  he  was  supported  by that 
of engineers who had  large experience, certainly in  the cases of 
the Avon and  the Severn. His view  was, that the tidal flow up 
and down  a  river, so far  as  the  river  was concerned, was an 
absolute  and  unmitigated  evil ; that it was  simply an engine  for 
carrying a quantity of mud up  the river,  and  leaving it there, to 
be disposed of  by  some other agency, that agency  being in  ordinary 
cases the scour of the low-water  channel during  the period of low 
water. It would take too long to go through  all  the reasons on 
which  he based that opinion ; but  they were not mere ideas, they 
were actual facts. With respect to  the points raised by Mr. 
Abernethy,  two  questions  should  be considered  before adopting  the 
view  he  had expressed. It had been stated  that  if  the Avon 
were turned  into a ship canal,  by setting up gates  near the mouth, 
the present  Swash  channel would silt up, as  the  Korth  channel  had 
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silted up.  Now in  the first place, did  Mr. Abernethy suppose 
that  the  waters of the  river Avon would in  that case  cease to 
find their  way  into  the sea ? Or, if not, through  what  channel 
would they find their  way ? And in  the  next place, did  he  forget 
that, supposing the Avon to he dockised in  the  way suggested, 
there would be a t  every  low  tide a head of water of, on an average, 
30 feet available  for  scouring?  And could it be denied that  the 
scouring power obtained  by the possession of an unlimited  head 
of water of that  height would give a means of clearing  out the 
channel, compared with which any  tidal flow  became a matter of 
the utmost  insignificance ? For those reasons be  strongly held the 
opinion that  there  had been no greater  mistake than  the idea that 
the  tidal action of rivers was  a thing  to be regarded as of supreme 
importance, and  he hoped that his  remarks  might lead to a full 
discussion of the subject. 

Nr. REDMAN wished to direct  attention  to a point  affecting 
materially  the difficulty of construction  upon  relative sites, and 
also the proportionate cost of such works. No three examples 
could  have  been  selected to  illustrate more clearly the  great 
variation in  the  tidal rise  within  the  British seas. In   the first case 
there  was a maximum  rise of tide exceeding 40 fset  at equinoctial 
spring  tides ; in  the second  example, a t  Belfast, there  was  but one- 
third or one-fourth of that rise ; and in the  third example there 
was the very considerable rise of 23 feet. The causes of the  great 
rise of the  tide  at  Portishead were  well known. I n  Morecambe 
Bay, the con0uence of the  two waves  passing  round the  north  and 
south of Ireland raised the  great head of tidal  water a t  White- 
haven.  Belfast was situated in  the  neutral zone of water between 
that place and  the  Isle of Man. At Portishead,  where the rise 
at spring  tides  was 39 feet or 40 feet, the rise at neaps  was  only 
20 feet. At Whitehaven,  where the rise at  spring  tides was 26 feet, 
the  rise  at neaps  was  only 13 feet. At Belfast, however, where 
the rise  was 11 feet at  spring tides, the difference between the 
rise a t  springs  and neaps  was  only 18 inches ; and on the  eastern 
coast, in  the  estuary of the Wash,  where there was  a  rise a t  spring- 
tides of 23 feet  (very  much in excess of the  normal  rise of the 
adjacent coast), the rise a t  neaps  was  only 9 feet ; showing  plainly 
that  the  high  spring tides  were more  influenced by  the embay- 
ments  into  which  the  tide  was  led than were the neap  tides. With 
regard  to Belfast, it appeared that  after  all  the most  eminent 
engineers of the day-the  Rennies, Telford, and others-had  been 
consulted, the  governing  authorities  had  had the sagacity to  adopt 
the  later advice of the school in  which he had been brought up- 
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that of Mr. James Walker-not to  canalise  the  channel  leading 
up t o  Belfast, but  to improve the  natural  tidal  channel  up t o  the 
port ; and  the endeavour of their successors had been to improve 
the artificial  dredged  channels  by  making  them  straighter  seaward. 
As to  the  failures of the works  which  had  taken place, the descrip- 
tions  showed (as numerous  instances  recorded in  the Proceedings 
of the  Institution showed) that they  arose  mainly from the  want 
of depth  in  the base of, the mall, and  in  many cases from the 
careless way in which the  backing had been put in.’ 

Mr. F. E. DUCKHAM said it was stated  in Mr.  Mackenzie’s Paper 
that  there was  a batter on the side of the lock of 6 feet 3 inches. 
He presumed it meant on each side;  and  in  that case the lock 
would be 12 feet 6 inches less at  the bottom than  at  the top. 
There  might  be  an  advantage in that, so far as the construction of 
the  wall was  concerned, but  there was an undoubted  disadvantage 
in docking and undocking ships. With  water  at  the  higher  level 
there was plenty of room in the lock for two  ordinary vesbels; 
but when the  water  was lowered,  or  when one  vessel  was going 
in and  another  going out the bilges would  possibly  catch on the 
wall below, and  the vessels  be jammed. Some twenty  years ago, 

1 He begged permission to cite the following extracts in respect to Folkestone 
and Dover harbours :-‘‘ The modern projection of the  pier at  Folkestone acts as 
a  large groyne, and  has promoted the deposit to windward of a vast mound, by 
which  that town has benefited ; the  area upon which  the  Pavilion  stands being 
thus reclaimed. Formerly, before the erection of this work, the  shingle  travelled 
eastward,  and filled the  harbour ; and forty years back it was the  daily hsk of the 
fishermen to  dig  a  channel before their  boats could leave the harbour. 

“ The  Admiralty pier at  Dover also acts as a  huge groyne, and  the  resultant 
effects upon the shore, on either side, are very remarkable. I t  was supposed, when 
first designed, as  the west arm of the contemplated enclosure of  t.he bay, that it 
would arrest the shingle westward and  prevent it travelling into the bay, which 
had been ,for years the source of so much trouble and expenditure at  the entrance 
to the old harbour;  but since the erection of the Folkestonc pier there  has been 
an almost entire absence of shingle  travelling from the west, and  the shore east- 
ward past  the  South  Foreland to St.  Nargaret’s  Bay  has suffered correspondingly; 
for where a few years back was a broad belt of shingle  and  a roadway, the sea 
now washes the base of the cliffs, I t  has, however, promoted a deposit of lighter 
material and sand along the shore on a great scale. To the westward the 
foreshore has grown out  and risen in  height to the  extent of from 3 to 6 feet, 
and  at  least  a million of cube yards  have  thus accumulated. To the eastward a 
spit  has grown out, containing about 400,000 cube yards, tailing  into the centre of 
the bay, of an average  height of 4 feet ; but  in places against  the  pier  there  has 
been a  vertical accumulation of 15 feet.”--‘ Chatham Lectures,’ 1875-76, p. 15. 

“ The recent  degradation of the shore from St. Margaret’s to Dover is almost as 
remarkable as in  the district now under notice.”-Report on Sandown Castle, &C., 
for War  Department,  20th December, 1856. 
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two vessels were totally wrecked at  the  entrance of the  East  India 
dock  from that cause. Other locks had been made with  vertical 
sides, and he thought  that  that was  a  safer  way of constructing 
them.  There  was another  evil  in connection with a battering side 
to a lock. The  gate  had a vertical face, and  when a vessel was 
passing  through,  the bow would  be likely to  drop  into  the recess 
made by the  vertical face of the gate,  and  the lower part of the 
bow would then  catch  against  the projection caused by  the sloping 
side of the lock. At Avonmouth the face of the lock gate was 
hollow on plan;  but  at Whitehaven it was  flat and curved at   the 
back, in  other words,  plano-convex. There  was  a  great  advantage 
in  that  configuration. It was far  preferable to have  a  straight  and 
plain face through  the lock, so that when the gates were  open there 
were no projections nor recesses of any sort. As to  the  gates being on 
two rollers, he considered that,  although  the  arrangement arose  from 
a miscalculation, it was  a  very good  one. It seemed like  putting  the 
gate'on three  legs  and  giving it an amount of rigidity which 
would have been wanting  had  the  centre of gravity been over the 
centre of support. With regard  to  the  silting  up of the lock, his 
experience confirmed the  statement  that  the  scouring caused by 
the adjustment of the lock water  level  was sufficient to keep the 
roller  paths clear. It would be observed that  there was some 
concrete with  ashlar  facing shown in  the section of Avonmouth 
dock.  One  of the  largest docks in  the world was  now  being made 
on the Thames with concrete walls  throughout. If concrete was 
good enough for upper  work it was good enough for lower  work 
without  any  ashlar facing. Mr.  Mackenzie had  not  said  anything 
about  the  hydraulic machinery, except that  the cost had been 
518,000. It would be  interesting to know what  kind of machinery 
was used. It was stated in  the  Paper on Whitehaven  harbour  that 
the bridge  was  tested  by  placing 5 cwt.  upon it. That probably 
was  a  mistake for 5 tons. The difference in  the  weight of the 
bridge in  a dry summer and  in winter,  when the timbers  were 
saturated  and  perhaps  laden  with snow, would fully  represent 
5 cwt. Moreover, notwithstanding  prohibitory notices people 
would often rush upon the bridge  when in  motion, twenty  or 
thirty  at a  time, and  their  weight would greatly exceed 5 cwt. 

Mr. W. PARKES said that Mr.  Abernethy  had called special 
attention  to  the  question of canalising  or  dockising  the  river Avon, 
and also to  the  general  question of projecting solid piers from a 
sandy shore. He had hoped that  the Papers  would  have  supplied 
more materials  for the discussion of those  two  subjects, but he 
had been disappointed,  especially in  the first  Paper, that so little 
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allusion  had been made to  the subject of dockising the Avon. He 
had  given  this proposal a great  deal of consideration  nearly 
twenty  years  ago;  and  he believed he  was  the first engineer 
who  oppdsed the idea of dockising the river.  He  entirely 
agreed with Mr. Abernethy, that  if a  dam  were placed  across 
the mouth of the river,  which  must  necessarily be a t  some 
distance  from the deep  water,  the space between the dam and  the 
deep water would never be kept open, owing to  the  great  quantity 
of mud  held in suspension. He did  not think  that even the 
sluicing would be sufficient for maintaining a  navigable channel. 
The only force that would  be  given by  that means  would  be the 
river  water of the Avon ; and  the  state of the  river above  Bristol 
showed what  sort of a  channel that would maintain. I t  was true 
that some relief might be afforded by concentrating  the  twelve 
hours' flow into a  few minutes ; but even that,  he imagined, would 
be  insufficient to  maintain a navigable  channel.  Another  strong 
argument  against  placing a dam across the mouth of the 'Avon 
was  that,  with  the  river open as a tidal channel,  small vessels could 
enter it from King-road within  an  hour  or  two of low  water, 
and  they would be up  at Bristol before they could have  entered 
into a lock at the mouth of the Avon;  and the same thing would 
apply  to  larger vessels in  proportion. There was, he believed, 
about 6 feet!  of water  in  the Swash  channel. He had  never seen 
any proposition for  dockising the  river which put  the  sill of the 
lock a t  a level  lower than low water.  Evidently,the whole of the 
time  the  tide was rising from low water  to 6 feet  above the dock 
sill would be  lost to  the navigation of the river,  and  during  that 
time vessels of all kinds  might  have been  some way  towards  the 
entrance of the docks a t  Bristol. He was therefore quite in  accord 
with Mr. Abernethy  as to  the desirability of maintaining  the  tidal 
flow of the  river Avon intact.  He  thought  the  apparent  advan- 
tages of damming  the  river  were delusive, while for the smaller 
description of craft, in  which a large  portion of the  trade of 
Bristol  was  carried on, the  dam would  be simply an obstruction. 
A vessel  could enter a river much  earlier than she could into  the 
lock, and  that  he regarded  as a very  great  advantage. 

With  regard  to  the  other question  raised  by Mr. Abernethy, 
although  he concurred to some extent  in  the principle  laid down 
by that gentleman, he  thought  the  principle  was one which  had 
many exceptions, and  he  did  not  think it ought  to go to  the world, 
especially from the Chair of the  Institution,  that  the projection 
of piers from a sandy  shore  was in  all cases a course to be  depre- 
cated. Mr. Abernethy  had  mentioned  several  instances of admitted 
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failure,  and one  or two  anticipated  failures ; he had also referred to 
the case (which ought  not  to be  regarded  altogether  as  a  failure) of 
the Suez  Canal.  Some years ago  Mr. Parkes  had held the opinion 
that  it  was useless to project  such  a  pier as  that at  Port Said, because 
the sand would  follow it up, and  in course of time  get  round 
the end. He still held  t,hat  such would ultimately be the effect ; 
but  he  thought  that  the  time  it would take for the sand to  get 
to  the  end of the  pier would be so long  that it might be left  out 
of consideration. He  had wat.ched carefully the history of the 
Port Said  breakwater. He visited  the  works some years  ago,  and 
had  since  examined the  charts  which  had been published from 
time  to time, and  which showed that  the progress of the shore 
seawards  was so slow that  the  ultimate effect might  well  be  dis- 
regarded. True  the bottom  was very treacherous, and  liable  to 
great  and unaccountable  changes ; but,  as  far as he had been able 
to see, the projection of the pier  had produced no deleterious  effect 
upon the navigable  channel.  Such  changes  as  had occurred were 
changes  which  had  no connection with  the works, and  they were 
not of the  kind which it might be  inferred from  Mr. Abernethy’s 
remarks that  he anticipated. He would like  to  have  heard some- 
thing  rather more in detail  as to  the causes which  had  led a t  one 
time  to the  silting up of Whitehaven  harbour.  When  harbours 
were projected, their  silting  up  was always  confidently predicted. 
Some harbours did silt up, but for one that did so, nine  or  ten  did 
not. It was  a matter of great moment to know what circum- 
stances  did cause such a result,  and  he should  have been glad if 
some further  explanation  had been given of this  particular case. 
As to  the general  principle, it was important  to consider what 
was the cause of the movement of the sand on the shore : if  that 
movement were caused by  currents,  no  doubt  there would  be great 
uncertainty  as  to  the  results;  but  he believed that  in most cases, 
certainly in  many, the  currents were of much less importance than 
the action of the wave  striking  the shore obliquely, and  driving  the 
sand before it. If  the movement of the sand  were  due to  the 
action of the waves, he  thought  that  an extensive  work  was quite 
capable of overc6ming that  natural cause of deterioration. A 
small  work  undoubtedly would be  rendered useless in  the course of 
a few years ; but so many  years would  elapse  before a  large work 
was  agected by  the advance of the shore, that  he did  not think  the 
contingency need  be taken  into consideration. He had made  some 
calculations in a  work of that  kind  with which he was connected, 
and he found that it would take  at least  a  hundred  years before 
any serious effect  could be produced. In that case there  was no 
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trouble from currents ; the   ody motive  power acting upon the sand 
was  the waves.  People were  frightened a t  it every year;  but  with 
the change of the monsoon (the work was in  India) a great deal of 
sand  was washed away  again,  and  the work  was left  without any 
very formidable  accumulation upon it, He  thought it was rather 
premature  to  say that  the  harbour of Boulogne  would prove  a 
failure. That  the  ultimate effect  would be for the shore to advance 
to  the pier-heads, he did  not doubt;  but unless the  currents were 
very  strong indeed-so strong  as to disturb  the  sand  in considerable 
depths of  water-he  could  see no reason why  the harbour  should 
not  be  a  fair success. Mr. Abernethy had omitted to  mention the 
very  important  harbour  lately completed on the coast of Holland. 
The eminent members of the  Institution who  had  carried  out that 
great work would not, he expected,  be inclined to  admit  that it was 
going to prove a failure,  although solid piers  had been run  out 
from  a  shore composed of very  light sand indeed. 

Mr. GILES explained that he  did  not  go to  the  extent of saying 
that a pier run out from a  sandy  shore  was to be deprecated ; he 
intended  to  say that it was  probably only a question of time as 
to how long  the  pier would be useful-how long it would take for 
the  sand  to  reach  the end of it. 

Nr. C. E. DANIEL said it was stated  by Mr. Nackenzie that  the 
average cost of the masonry  was 20s. per cubic  yard,  exclusive 
of the facework, which  was put  at 2s. per  cubic  foot;  and that 
this, added to  the cost of the rubble masonry,  would bring it to 
25s. per  cubic  yard. He wished to ask  whether  that sum  included 
all contingent expenses, wear  and tear of plant  and machinery, 
staff, and  usual recognised contractor’s profits ? The same remarks 
would apply  to  the excavation  which  had been put  by  the  Author 
at 1s. 6d. per  cubic  yard. 

Jlr. MACKENZIE said the  sum  was  intended to cover the  total 
expense of the works connected with those items. 

Mr. GI~AHAN SMITH wished to  ask Mr.  Mackenzie why  the 
entrance  to  the dock was made in  the peculiar  shape  described? 
n e  imagined that it must be due to some local circumstances.  As 
far  as his own experience  went, it was  certainly  not  adapted  to the 
entrance of a dock,  except for small  craft, fishing-boats, and  the 
like,  which  made  straight for the entrance. Vessels of large 
tonnage  made for the  wall  and were  warped in by ropes and 
capstans, and  the  entrance  was  certainly not  suited to that mode 
of manipulation. In Liverpool the  entrances were fan-shaped. 
It was  stated in  the Paper that  the sluices were provided with 
pen-stocks with cast-iron  frames and brass faces. In Liverpool 

Downloaded by [ UNIVERSITY OF BATH] on [13/09/16]. Copyright © ICE Publishing, all rights reserved.



HARBOUR AND DOCK .WORKS. 65 

there were  hundreds of sluices, in which granite faces and wooden 
paddles  were  alone employed, and so far no difficulty  had been 
found in  working them. He was disposed to  think  that cast-iron 
frames with brass  facings  were an unnecessary mechanical refine- 
ment,  somewhat  liable to  get  out of order. Reference had been 
made to  gates that were flat at  the back, so as to enable ships to 
get  into  the dock without  being  caught in  the recesses. That 
difficulty might  be overcome by making the  two uppermost ribs 
of the gates flat, and  the remainder curved. I n  speaking of the 
apron, Mr.  Mackenzie had  stated that,  after  a  certain  amount of 
masonry had been put on the small  springs,  they were  closed  up. 
He thought it was  a  mistake to seal up springs. The  quantity of 
water flowing  from them  was no gauge of their power. It was 
the head of water  that  had  to be  considered. Ifwater from a  spring 
got  under the masonry, there were all  the elements of a  hydraulio 
ram, however small that  spring  might be, and for that reason it 
was a  mistake to  bottle  up  springs so that they  might not show on 
the surface. With reference to concrete mixing, Mr. Mackenzie 
mentioned that he  had employed the Messent  machine, and  that 
the work was better  but slower than  hand labour. He believed 
that  the Messent  machine was  a slow  one ; but  the Author’s remark 
in  reference to it seemed damaging  to machine-mixed  concrete 
generally. In  Liverpool  vast  quantities of concrete had been  made 
by machinery, and at   the present  moment five or  six  machines 
were in operation. They were of two descriptions. One  was by 
Mr. Le Mesurier, of the Birkenhead docks, on the  principle of Sir 
John Coode’s machine, with a  revolving  cylinder  inclined a t  a 
slight angle. The other,  invented by  Mr. Sutcliffe, engineer in  
charge of the  construction of the new North docks a t  Liverpool, 
consisted of a  moving  band,  on  which  the  materials  were deposited 
and carried up to  a Jacob’s ladder,  by  which they  were  turned 
over six  or seven times;  the  band  went  underneath,  and  caught 
the mixed  concrete after it came out of the ladder, and  then  the 
concrete  was  shot into  the required position. He  thought  that 
any remark in  reference to hand  labour  and  machinery for mixing 
concrete ought  to be qualified. I f  a large  amount of concrete was 
required, and it was confined within a  limited area, mixing  by 
machinery  was no doubt  the  best  and  the cheapest method ; but 
where  there  was daylight  and proper  supervision, and  the work 
scattered over a large area,  he believed that hand  labour would  be 
the best. It appeared to him that engineers, when they  built 
dock walls,  were invariably in  an anxious state  until  the  water 
was  got  in, because the walls  were  always  sliding  about.  The 
[1878-79. N.&] P 
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same thing  did  not occur on railways.  When  a  railway  was 
built,  the  wall  either toppled  over  altogether  or stood firm. The 
reason was that railway  walls  as  a  rule  had  a good batter  and  the 
foundation at  the same incline,  whereas dock walls  were  almost 
always  built  with a base horizontal,  or else at   an inclination 
normal to  the face of the wall,  which  was  about 1 in 12. With 
an ashlar  wall  no  doubt that  ought  to be  done, but  in dealing  with 
concrete or  rubble  masonry  there  was no reason why  the foundation 
should be normal  to the face ; and  he  was of opinion that if the 
foundations  were  inclined a t  1 in 6, or a t  a larger angle, the walls 
would not slide  about. 

Mr, EACHUS said Mr. Giles  had  remarked that dock walls  ought 
to be of sufficient weight  to  prevent  their  sliding forward, and 
also that it would be  a  great  advantage to extend the toes con- 
siderably. That was rather  extravagant advice. In his opinion 
all  that was necessary in  most  cases was that there  should be 
sufficient weight  and sufficient width of base in  the  wall  to keep 
it upright,  and  then  the resistance to sliding  forward  ought, as  far 
as possible, to be got from the maiden soil in  front of the toe. He 
did  not see any  advantage in  putting a long toe  forward, as  that 
involved  opening  out the ground to a greater  extent  than  was 
necessary, without a  corresponding benefit. If  the resistance of 
the  native soil were made the most of, it would be  far  better than 
adding  unduly  to  the weight and size of the wall. The mode 
mentioned by Mr. Smith  was one way of taking  advantage of the 
resistance of the soil itself. 

Mr. CLARKE HAWKSHAW was  glad  to  hear Mr. Parkes  say some- 
thing  in favour of piers on sandy coasts. It was obvious that 
there  must be  some limit  to  the  silting  or depositing of sand  along 
a  pier projected on a sandy coast. No doubt  groynes  were often 
constructed t o  accumulate  shingle ; but  in most cases shingle accu- 
mulated  along them for a  portion  only of their  length,  and  many 
of them had been in existence for years,  round the ends of which 
there  was no accumulation  whatever. He  thought  that it was 
not  fair  to  cite  the piers of Calais and Boulogne, or even Port 
Said, as examples. A certain  amount of tidal  water passed into  the 
harbours through both Boulogne and Calais piers, and  he believed 
that  that had been also the case a t  Port Said at first. The blocks 
of  concrete at  Port Said  were so large,  and  there were so many 
open  spaces between  them, that  the  tidal  water passed through, 
and sand  was deposited both  .inside  and  outside the piers. More- 
over, the  current was  not increased round the ends, as it would 
have been in  the case of solid piers. He had  listened with  great 
interest  to Mr.  Mackenzie’s account of the difficulties encountered 
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in forming the foundations a t  Avonmouth ; they were  somewhat 
similar to difficulties that  he had  experienced at  the  Albert dock 
a t  Hull. Mr.  Mackenzie had  mentioned the  Humber  as even 
muddier than  the Avon. There was one point  with regard to  the 
muddiness of those rivers  worthy of note. Along the shores of 
the Humber, docks had been  made, and more  would  be  made, by 
reclaiming land from the foreshore. During  the process of em- 
banking  the  land for the  Albert dock there had beeh an immense 
amount of deposit  from the muddy waters of the  river, increasing 
the  earthwork  to an extent  which  had  not been anticipated. 
Engineers  should be aware of that contingency, and provide  for it. 
At  the Albert dock there  had been a  deposit of not less than 12 feet 
over the whole  area enclosed. In a dock 25 acres in extent  that 
of course  increased the  earthwork  very  largely. 

Mr. JOHN GRANT remarked that  in  the discussion on the  Paper 
descriptive of the docks at  Hull  he had  referred to a point to 
which  he would again  allude-the  importance of sinking sumps, 
cylinders,  or wells, outside the proposed construction,  several feet 
deeper than  the lowest part of the  intended work. He had  adopted 
that principle in  many cases, and  was  carrying it out in one or  two 
at  the present  time. The sump  or  cylinder  had to be sunk,  and 
stone or  gravel afherwards put  in, to act  as a  filter and keep  back 
fine sand  or  silt, before pumping  was  begun. One or more of these, 
according to  the size of the work and  nature of the soil, would 
make it possible to  thoroughly  dry the wettest  ground,  and  get 
in  the work solidly. With embankment  or dock walls it was  im- 
portant to  gradually  carry up  the walls  and  distribute  the  weight 
as uniformly as possible  over the whole bed ; also to  take  care  as 
to how they were  backed. The best  designed  wall would be likely 
to give  way  if backed up  hurriedly  with soft  or semi-fluid material. 

Mr. ABERNErKY desired to offer an  explanation of  some  of his 
previous  remarks,  which he said  had been  misunderstood. He had 
suggested  two important subjects for discussion in connection with 
the Papers.  One  was the difficulty of constructing  deep-water  har- 
bours on sandy coasts  influenced by  littoral  currents ; and  he  had 
cited as instances of failure t o  construct  ports of that class the 
ports of Boulogne, Calais, and  to a  certain  extent  Port Said. His 
remarks on that subject had to some extent been  misunderstood 
or misapplied, a t  least  by one  member of the  Institution. Mr. 
Parkes  had expressed a  desire that  the remarks  he  had made 
from the .Chair  should not go forth as the generally accepted 

l Vide Minutes of Proceedings Inst. C.E., vol. xli., p. 118. 
F 3  
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conclusions of the profession. Those  remarks  were confined to 
the construction of harbours  under  the conditions specified.  On 
sandy coasts, where littoral  currents  did  not  exist,  the construction 
of harbours  had been for  a long  time  carried on with success. He 
had himself  constructed  harbours  under  those  conditions. The 
conditions  which  applied to harbours in  the  English Channel, or in  
St. George’s Channel  (as at Whitehaven),  subject  to  great  littoral 
currents,  did  not  apply  to  harbours on sandy  coasts  where  such 
currents  did  not  exist,  or were  not of sufficient force to convey the 
detritus held in  suspension to  and  fro  along  the coast by  the action 
of the tides. The accretive  action  which took place  under the 
condition of the non-existence of those  littoral  currents was 
limited in  extent,  and, one might  say,  permanent  in result. He 
could give  numerous  examples of harbours  on the coast which fully 
bore out  the proposition  he  had  submitted. One of these  was  a 
harbour  with  which he had been  connected nearly  forty years- 
the harbour of  Aberdeen-and he  should like t o  cite it as an example 
to show that deep-water  harbours,  on  sandy coasts not  subject to 
powerful littoral  currents, could be successfully constructed.  North- 
ward of the harbour of Aberdeen, for a  distance of 28 or 30 miles, 
the coast was  sandy,  and  was  fully exposed to  the  north-easterly 
gales  acting obliquely upon the shore ; and  that was the principal 
action to which  harbours,  constructed  on  sandy coasts where 
littoral  currents  did  not  exist, were subjected. Smeaton,  before 
the projection of the  north  pier a t  Aberdeen, was  doubtful of the 
results of a  groyne at  right angles  to  the foreshore, because the 
north-easterly seas occasionally led to  the  entrance  to  the  harbour 
being choked up,  namely, the  mouth of the  river  Dee;  and it was 
supposed that  the pier would  cause a great accretion, and  an 
advancement of the foreshore similar  to  what  had  taken place 
under different  circumstances at Boulogne and Calais. It was 
found, however, that  that was not  the case. There  had been avery 
slight accretion on the landward  end of the  north  side of the pier, 
and  that  had remained  permanent to  the  present  time,  notwith- 
standing  the  further projection of the  north  pier  under  the advice 
of Sir John Hawksham  and himself. Mr. Parkes  had  indirectly 
referred to a  work  on the coast of Holland,  which  had been  com- 
pleted  under the direction of Sir  John  Hawkshaw.  That work- 
the construction of piers  forming the entrance  to  the Amsterdam 
canal-was situated on the shores of the  North Sea, not on the 
shores of the  English  Channel;  and  the  only accretive  action to 
which it was subjected was that of the  northerly  and  southerly on- 
shore gales, acting obliquely on the coast. As in the case of the 
Aberdeen  harbour, a very  limited  accretive  action  might  take 
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place, and  that  limited action  would  arise in  thipl way. Supposing 
a  gale  to  be  blowing from north  or  south,  although  the deep-water 
waves might be in  the direction of the  wind  and at  right angles 
to  the coast, when.  they approached the coast, by  the  arresting 
through friction of the base of the waves, the crests travelling 
onward, they became waves of translation,  pivoted  gradually 
round, and broke  upon the coast in a  parallel  direction.  There 
would probably  be the  kind of accretion as  at Aberdeen, on the 
north  and  south sides of the piers projected by Sir John  Hawk- 
shaw-limited, permanent,  and defined, and  without affecting the 
entrance to  the harbour. It would, no doubt,  be  subjected to 
accretion from the deposit of detritus held in suspension by  the 
water, in  the cam of direct on-shore gales; but  that could 
be removed by dredging,  and  he  had no doubt that a  deep-water 
harbour could be  permanently  maintained, It had been a very 
proper  rule of the  Institution,  that  an  engineer should not 
express  his opinion twice  upon the same subject, and  he should 
not  have  transgressed that rule, but for the fact that  his  only 
object had been to direct the  attention of the Members to  the dis- 

, cussion of two  important points,  instead of having  all  their  time 
spent on minor matters of detail connected with  the construction 
of dock walls ; he  therefore asked  permission to  add a few  words 
to  what he  had  already  said  with  regard  to the porta of Calais and 
Boulogne, particularly the  latter work,  and to  explain, more fully 
his reasons for the assertion he  had made. As far  back as March 
1872, he  had  had an interview a t  Boulogne with  the Maire,  Mr. 
Adams, the projector of the work, and  the engineers, who desired 
that  he should coincide with them in opinion as  to  the possibility 
of constructing  such a work. He had  referred to  the notes  which 
he had  taken,  and the  arguments  he  had used against  the possibility 
of forming a deep-water  harbour  under the conditions to which 
he had referred. Those  conditions  were the  strong  littoral cur- 
rents  in  the  English Channel and  the  great accretion of sand 
at  the harbour ; and,  the same  cause remaining,  a  further projection 
of those  works would merely  continue  and  aggravate the failure of 
the existing  harbours. A diagram  had been exhibited  (Fig. 3), 
showing the work projected for the improvement of the harbour 
of Boulogne, presenting  two  conditions of parallel piers. It was, 
he believed,  proposed to prolong the  north  pier  a#  an open pier 
for a considerable  distance-nearly a mile-into the sea ; to con- 
struct a solid pier of masonry to  the southward, for a still greater 
length  in  the direction  shown,  leaving an opening of 820 feet. 
The argument he had used a t  Boulogne was that,  by  the projection 
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of this work, the  littoral  currents,  running  parallel  with  the coast 
as they  did a t  present, would  be deflected, and would  pass seaward 
not  parallel  with  the  coast;  that  an  eddy would constantly be 
created at  the entrance of the  harbour,  and  that  the sand would be 
deposited there. He also argued  that,  although a  littoral  current 
existed, the advancement by accretion of the foreshore  would 
gradually  diminish the depth of the  water  constituting  that  littoral 
current,  and so decrease its erosive action; and further,  that  the 
projection of the pier would tend  to increase the shoal which lay 
immediately  outside  the  entrance,  known  by  the  name of the 
6' Bassure de Baas." Those  were the  arguments he  had  used in 
1872, and  he still adhered  to  them,  his decided opinion  being 
that  the work  now in course of construction a t  Boulogne for  a 
deep-water  harbour would end in inevitable  failure. 

Mr. HAYTER understood that  the discussion was on dock  works, 
not  on  harbours,  otherwise he would  now reply  to Mr. Abernethy's 
remarks on the  North Sea piers at  the entrance  to  the Amsterdam 
canal. He did not  agree  with  all  that Mr. Abernethy  had said ; 
but a's he proposed to offer to  the  Institution S Paper on the 
Amsterdam  canal,  which  would  include  a  description of the North 
Sea piers, that would be a more appropriate occasion to discuss the 
question as  to  the construction of  close piers on sandy shores where 
there were strong  littoral currents. 

It must  be  evident to  all  that  the difficulties which  had to be 
surmounted a t  Avonmouth and Belfast were of no ordinary  kind ; 
and  he  thought  that  the  Authors of these  Papers  had  scarcely 
done  justice to themselves, and  had  somewhat  underrated the 
magnitude of these difficulties. At Avonmouth, for instance, 
quicksand  had been met with  in large  quantities. In the con- 
struction of the  Albert dock a t  Hull,  with which  he  had been 
associated, quicksand  had occasioned much  trouble;  but,  as  this 
work  had been  described t o  the  Institution  by  his  partner, Mr. J. 
Clarke Hawkshaw,' it was scarcely  necessary to go over the various 
points  again. It might suffice now to  say that  the  great difficulty 
there arose  from  the  circumstance that a  system of borings  had 
been  made by  others before the works were begun,  which  tapped 
the sand and caused i t  to rise,  undermining the superincumbent 
material ; and it was evident that if,  under  like conditions, borings 
have  to  be made, it would be  well as a rule  to keep  them away 
from the  site of the walls. Mr. Mackenzie had  stated  that, when the 
sand a t  Avonmouth  was covered with only  about 6 inches of clay, it 

Vide Minutes of Proceedings Inst. C.E., vol. xli., p. 92. 
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was  kept  under  control ; and  that was the experience a t  Hull.  At 
Belfast  a material of a still more difficult character  was  met with, 
described as a “pulpy, semi-fluid  mass.” This work  was  a  very 
instructive one, and he would presently  again  refer  to it. 

With regard to Avonmouth, MP. Mackenzie had  stated that  in 
October 1859 the  Town Council of Bristol  had  submitted  sereral 
schemes, which he enumerated, to  the  late Mr. T. Page  and to Sir 
John Hawkshaw. It would rather  appear from that statement 
that a joint  report  had been presented by those  gentlemen;  but 
such  was  not the case. Each  report  was  separate,  and each of these 
engineers  arrived a t  his own conclusion in  his own way,  without 
communicat.ion with  the  other;  and  they  both discouraged the 
notion of dockising  or  canalising the river, recommending instead 
the construction of a steam dock at  the mouth of the Avon, a 
railway connecting the dock with Bristol on the  margin of the 
river,  and the improvement of the  river Avon.  Mr. Page proposed 
a very  extensive scheme, much larger  than  that suggested by  Sir 
John Hawkshaw, whose  proposed  dock  was that which  had  actu- 
ally been carried  out by Mr. Brunlees, and hence approved by him. 
The  site was  almost the same, and  the direction of the lock, and 
the lines  and  size of the dock generally, similar. Mr. Mackenzie 
stated  that  the lock gates for  Avonmouth dock were  originally 
designed of wrought  iron  with cast-iron heel-posts, but  that  the 
high price of iron in  the  beginning of 1873, when the contract 
was  settled,  had  led  to the adoption of timber. That opened 
out  an  important question  (which he  was  sorry  had  not been 
discussed) as  to  the comparative  merits of iron  and wooden gates. 
He had been engaged in  the construction  and  erection of many  pairs 
of gates, some of iron and some of  wood-more, probably, of the 
former than  the  latter. Iron gates  had to be  constructed as caissons, 
and  there  was a great deal of difficulty in  making  them  perfectly 
watertight, so much so that it was the custom to have a small 
pump a t  hand  to  pump  out leakages. He believed that if wooden 
gates  were made of greenheart  timber,  they would last  quite  as  long 
as  iron  gates,  and  they would be less troublesome and less costly to 
maintain. He would not  adopt iron heel-posts, because it was 
difficult  to  make  a good joint between a long length of cast  iron 
and a long  length of masonry. According to his experience  wooden 
gates were, on the whole, better  than iron,  and their adoption  had 
been universal in Liverpool,  where wooden gates were made of 
100 feet span. Mr. Brunlees  had  probably  arrived at   the same 
conclusion,  because in his later work a t  Whitehaven  he  had 
adopted wooden gates. Wooden gates were specially to be preferred 
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when  near  the sea, as  the sea water  and  the exhalations  therefrom 
rapidly  deteriorated  wrought iron. With reference to  their com- 
parative cost, the  Author  had  stated  that  the cost per  square foot 
of superficial  area of t.he back of the  gates was 51 6s. l@. a t  Avon- 
mouth. That  was for gates of greenheart, oak, pitch  pine, and 
Memel, in combination. A wrought-iron gate  was  ordinarily  esti- 
mated by  him  (Mr.  Hayter)  to cost between $1 108. and 5 2  per 
square foot when  iron was a t  about  an  average price, and he believed 
that,  if  gates were made entirely of greenheart, their cost would not 
exceed that sum. In reference to  the rollers and  the roller-paths, 
Mr.  Mackenzie stated that  the  true position of the roller, the  axle 
of which  ought  to  be placed upon the  line which passes through 
the  centre of the heel-post and  the  centre of gravity of the gate, 
was difficult to  determine with accuracy. That was true,  and  the 
oonclusion a t  which he  had  arrived  was  that, unless  under excep- 
tional  circumstances, it was better  to abandon  rollers  altogether. 
Obstructions also often occurred on the roller-path, sometimes ren- 
dering it necessary to send  down  a diver  to clear  them  away ; and  if 
the lock  or entrance  passage  had  only one pair of gates  the dock 
might  get emptied, a d  much  damage be thereby occasioned to  the 
shipping. Taking  into account the roller, the spindle, the  adjusting 
apparatus,  the roller-path, and  the elaborate masonry  necessary to 
receive it,  an  extra cost was  involved of between S400 and $500 
for a  pair of gates,  assuming the lock to be 50 or 60 feet wide. In 
Holland  rollers  were  never  introduced in  the gates. It was true 
that  the differential head  was only  small  there,  but  the omission of 
the rollers  was an  advantage. If  the gates  were of an exceptional 
span,  say 100 feet, perhaps  one  roller in each leaf might be intro- 
troduced : but this was an open  question. Under no circumstances 
should  there  be two rollers to a leaf. It was  only necessary to 
make the anchor and pivot sufficiently strong-and they  were 
always made with  an excess of strength-and  rollers could, as 
a  rule, be abandoned with advantage. He wished to add a word 
with reference to  the best  way of making a watertight  joint be- 
tween the  gate  and  the hollow  quoin. This was usually done by 
the  accurats  fitting  and close contact of the circular surfaces, 
which  was  not easy to ensure, and  there was  generally more or 
less leakage  around the hollow  quoin. There  was  often also in 
opening the  gates  a  great  deal of friction  between the surfaces, to 
overcome which some engineers placed the pivot a little  out of the 
centre;  but  the objection to this was that immediately the  gate 
was moved t.here was  a space  between it and  the hollow quoin, 
into which loose material  might lodge, rendering it impossible to 
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close the  gate, or bringing a great  strain on it. The Dutch  had 
a good way of making  the  watertight  joint,  shown on the accom- 
panying sketch. 

It would be seen that  the hollow quoin was brought more into  the 
lock than usual,  and the  joint made  against a straight face a t  X, 
usually  about 8 inches wide, and  which  was polished  from top  to 
bottom, and  a  clearance  given at  the hollow quoin,  excepting at  the 
upper  portion Y, where  the  gate was brought close to prevent loose 
material  being  carried  around  the hollow quoin. This arrangement 
-perhaps a little more costly  owing to  the encroachments on the 

F l G ,  1. 

lock-was nevertheleee  satisfactory, and appeared to be an improve- 
ment  upon the usual  plan  adopted in  this country. It was  evi- 
dently easier to make a watertight  joint between straight surfaces 
than between  those that were curved. 

The failure of the wall a t  Belfast had been due  to  three causes : 
first, the insufficiency of the  depth of the walls ; secondly, the  very 
light pile  work in  the foundations ; and, thirdly,  the bad material 
constituting the backing. I n  1871 Sir John Hawkshaw  was 
called  upon to report upon the walls  when  they were in an exceed- 
ingly  critical  state,  and  he recommended four modes of dealing 
with them. The first was  the  construction at   the back of the  wall 
of screw-pile work  surmounted by a  platform ; that was  generally 
the  plan alluded to by Mr. Giles, and adopted by him a t  South- 
ampton with success. The second plan,  which  was recommended 
as  an  alternative proposal, was screw-pile work and masonry a t  
the back of the wall,  generally  similar to  that shown in  Plate 1, 
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Fig. 11, in Mr. Mackenzie’s Paper. It would have been a  costly 
mode, but effectual, as it would  almost completely relieve the 
pressure at  the back of the wall. It would have been  necessary to 
resort to screw piles, because, if piles  had been driven, it would 
have  shaken the wall, which could bear no extra  strain.  The 
third plan  was an improved  system of tying back the walls. The 
ties were to  have been 3 inches in diameter, and fastened at  the 
back to a continuous wall of brickwork 4 feet 6 inches thick  and 
12 feet  high. The objection to  that was that,  the tendency of the 
wall  being  to go out at   the toe, the  ties should be  as  near that 
point  as practicable, They were,  however,  more than  halfway  up 
the walls, and  the reason why  they were so placed  was that it was 
almost impossible t o  get down to fix them a t  a  lower level. The 
fourth  plaq  was a  system of counterforts a t  the  front toe of the 
wall,  which  were to conrJist  of concrete  blocks  placed about 6 feet 
from the wall, the  intermediate spaee being filled with  liquid con- 
crete, and beyond the blocks there  was  to be  a  platform of broken 
whinstone  and sand. Altogether the counterforts would have been 
about 30 feet  long and 6 feet deep, the level of their  upper  surface 
being that of the dock  bottom. This  plan  was Considered preferable, 
and if it were  found to be difficult to execute, it was  recommended 
to continue the system of tying back, and  if  that  did  not answer, 
then  to resort to one of the first two  plans described. The counter- 
forts were  estimated to cost about 555 per  lineal foot of wall,  and 
the tie-rods 57 per  lineal foot, if placed 10 feet  apart. He did  not 
know  whether Mr. Salmond had  carried out  the counterforts as 
described, and  if not, it would be interesting to  know the reason why. 
Perhaps (and in  that  he sympathised  with  him) he  might  have 
felt  unwilling  to  disturb the toe of the wall,  fearing it might  to 
some extent  endanger the  structure.  The counterforts would, of 
course, have  had to be put  in in very ,short lengths,  and divers 
must  have been  employed, as it was  impracticable to empty  the 
water  in  the dock. He considered the Whitehaven dock had been 
almost  entirely  out of the discussion, solely because there  had been 
no  failures  there.  The  works  had been  successfully carried  out 
without mishap, and were very  creditable  to those engaged in  their 
construction. He  had seen the Whitehaven dock, which  presented 
features of interest. 

M. C. BERGERON had  heard Mr. Abernethy  criticise the projected 
harbour of Boulogne, and  explain that probably that harbour would 
be choked by a  sandbar.  As he  knew M. Stoecklin, the Engineer- 
in-Chief a t  Boulogne, who  thought  there  was  no possibility of such 
m occurrence, he  had  requested that engineer to  attend  and defend 
the scheme. This  he  vas unable to do by  the pressure of other 
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occupations, but  he  had  sent some written observations,  which 
M. Bergeron hoped might be permitted,  under the circumstances, 
to be read. 

These  were, in  fact,  extracts from a  report  by MM. Stoecklin and 
Laroche, which would shortly be published. They observed that for 
many  years the improvement of the  port of Boulogne had occupied 
attention,  and  various projects had been submitted in connection 
with it. Plans  had been  successively  proposed for the prolongation 
of the  existing  jetties; for great  breakwaters  detached from the 
shore ; for  harbours, more  or less enclosed,  formed by jetties  thrown 
out from the  land ; and for  harbours in  the open sea, connected with 
the shore  by stockades of  wood or of iron. The majority of these 
projects  had  remained in  the region of vague propositions, and 
had  not  led  to any practical  elucidation of the question. The  only 
plan  which  appeared to have been submitted to a  detailed  examina- 
tion  was  that for an open roctdstead, submitted in  1854 by the 
Chief Engineer BBguin. The  matter was  only  seriously  under- 
taken in 1872, when the representatives of the  town of Boulogne 
sought powers for the construction of an  outer  harbour. But  the 
plans  sent in were not of a nature  to  dissipate  the  apparently well- 
grounded  fears of silting up. It had become almost an axiom that 
the bays on a coast subject to  shifting sands would shoal, and 
that groynes  thrown  out from the shore  induced deposits, which 
soon distorted the shore  line. Moreover, the  port of Boulogne 
was  situated,  not  only on the  large  bay between Cape Alpreck and 
Cape Gris Nez, but,  further, at the bottom of the secondary inlet 
between the Pointe  de  l'Heurt  and  the  Pointe  de la Cr6che. It 
was also well known that  there existed in  front of Boulogne a 
considerable movement of detritus,  resulting from the erosion of 
the cliffs of Normandy. However, ct close investigation of the 
coast at  this point had' led to  the belief that,  notwithstanding 
these  apparently unfavourable conditions, the  situation of Boulogne 
=as  appropriate to  the construction of a  deep-water  harbour. He 
proposed to summarise the  resdts of the survey in question, and 
the considerations on which the project  recently  approved had 
been  based. An indispensable  preliminary in  all such  plans  was 
the precise determination of the economy  of the coast, which  was 
the  resultant of the geological constitution of the soil, and of 
divers forces brought  to bear  upon it. If  the shores of the  English 
Channel  were considered  from the geologioal point of view, it 
would be  found that,  going  northward,  after  the cliffs of Nor- 
mandy,  which ended a t  BouTg d'Ault,  there  existed,  first,  a some- 
what deep  gulf  between  Bourg  d'Ault and Cape Alpreck ; and  then 
the  large promontory of the Boulonnais, from Cape  Alpreck to 
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ENTRANCE OR THE TEAXES. 
FIG. 2. 
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Capes  Gris Nez and  Blanc Nez. Hence, along  the  shores of the 
North Sea, were  found  the  low-lying  lands of Flanders  and Hol- 
land,  known  as  Wattringues  and Polders. Possibly at  a past 
geological epoch the  Straits  were for a  time  closed: that was a 
matter for  discussion; but it was very  certain  that  the commu- 
nication  between the  Channel and the  North Sea was  only  main- 
tained  by  a  narrow  canal,  and  that, as a consequence of the dif- 
ferent  conditions  which  obtained in  the two seas, the  shores of the 
Straits  must needs be, and  were,  subject to  violent erosion. Again, 
the coasts o f  France  and  England  were bounded, at  the  Straits 
of Dover, by steep  cliffs; and M. Larousse, in soundings  made 
across the  Straits  in 1875 and 1876, found the bottom, at  depths 
of from 120 to 210 feet, to consist of the  natural soil, entirely 
free  from  sedimentary  deposits.  The  general  law  formulated  by 
the saying, ‘‘ Capes are  eaten  away,  bays filled up ” (Les  pointes se 
rongent, les anses se comblent), had a perfect illustration here. The 
gulf comprised between  Bourg d‘Ault and Cape Alpreck  had dis- 
appeared,  and its only  traces  were an  absolutely  flat  plain,  a  few 
peat bogs, and  the  estuaries of the Somme, of the  Authie,  and of 
the Canche. All  along  the coast was a series of dunes  and  nearly 
straight beaches of sand. On the  other  hand,  the promontory of 
the Boulonnais had been continuously eroded, but,  as it was formed 
of beds of different consistency, the  wasting  bad been irregular. 
The rock resisted more or less, according  to its hardness,  and formed 
headlands,  while  the clay beds and  gravel were  disintegrated more 
easily. This it was  which gave to  the coast between Cape Alpreck 
and Cape Gris Nez the  toothed  appearance,  resulting from a series 
of points  with  intermediate  gaps. In the  immediate  neighbour- 
hood of Boulogne  were the  Pointe de 1’Heurt and  the  Pointe de la 
CrGche, both formed  of the  hardest rock (g& h ammonites gigas), 
and  between  them an  inlet  resulting from  softer strata.  But, 
if  this  inlet could be called a  bay, could the  foregoing  general 
law be applied  to it ? Scarcely. The  law  applied  only  to capes 
and  bays  already  existing,  and  not to those in course of formation ; 
and to prove this it was  only necessary to  instance Dungeness, 
which  advanced  every  year  into  the sea at  the  rate of 49 feet;  and 
the  Bay of Saint-Jean-de-Lux,  which  continued t o  enlarge in  spite 
of all  the obstacles presented  to its extension. 

The bay of Boulogne was also a  bay in oourse of formation, 
of which  the axis  was a  function of the distance of the  limit- 
ing points, of the  nature of the soil, and of the action of the sea. 
To make the conception understood, it might be said, that, if,  for 
example, a width of 1,300 feet  were  cut off from each of the  Pointe 
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de 1’Heurt and  Pointe de la Creche, the  bay would extend  inland  a 
corresponding  distance of 1,300 feet ; furthermore,  that,  if  the soil 
were  mud  or fine sand, more easily eroded than  the existing  soil, 
then  the  bay would  describe a  much more  pronounced curve  inland. 

With respect to tidal economy, two circumstances specially 
affected the neighbourhood of Boulogne : the  great rise of tide, 
and  the existence of an  alternating  current  that did  not  synchronise 
with  the  tidal oscillation. As an instance of this,  the equinoctial 
spring  tide of the  1st of March, 1877, attained a  height of 30 feet, 
while  the same tide only  made 22 feet 2 inches a t  Cherbourg, 
23 feet 6 inches a t  Calais, and 20 feet a t  Dunkirk. On the  other 
hand, the  alternate  current flowing  past Boulogne did  not  agree 
with  the  tidal  movement;  for  the flow (from  south to  north) 
only  began  three  hours  after the time of ebb, and continued three 
hours after  high  water; its maximum  speed, which exceeded 
3 knots  an  hour,  or  say 5 feet a second, nearly corresponded 
with flood tide. In the  ebbing  current  (north to  south) the 
greatest speed was 2 or 2& knots an hour,  corresponding with 
ebb tide. From this it followed that a vessel anchored off 
Boulogne swung a t  half-flood and  at half-ebb.  Furthermore, 
MM. Gaussin and  Estignard  and M. Ploix  had noticed at Boulogne 
that  this  current acted through  the whole depth of water ; and  the 
observations of M. Larousse proved that  the same obtained 
throughout the whole width of the  Straits. 

To  the action of these  currents  was added that of the  tides  and that 
of the waves. These  two latter forces preponderated in  the case of 
the beach, and from  near  low-water  mark to  depths of 13 to 165 
feet below, but from there  the influence of the waves  became less 
intense,  and that of the  current predominated. The  current eroded 
the bed of the  channel  between the Bassure de Baas and  the shore, 
while  the waves tended to flatten  and  level  the beach. In its general 
features the coast to  the  right of Boulogne appeared  like the con- 
cave bank of a great  river, a  bank  which had  been fixed by means 
of two  great groynes, the  Pointe  de YHeurt and  the  Pointe de la 
Cr6che. In fact, these  headlands  constituted  supporting  ribs ; the 
natural soil  was exposed everywhere on the bed  of the sea ; the slope 
of the shore W- broken in many places, especially at depths of 
23 to 26 feet, above which the slope of the superior bed fell  to 1 or 2 
per 1,000, while the inferior bed had an inclination  ten or fifteen 
times as great, occasionally reaching 7 or 8 per 100. After 
the groynes came a  cavity,  and as  the current flowed alternately 
each way, the  cavity  existed on each side of the groyne, and re- 
sulted in a oorresponding enlargement in  the middle. 
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The oontour  lines closed round the capes, especially  round the 
Pointe  de PHeurt;  the tide,  swollen in  the ascent, divided-one 
stream  flowed between the Bassure  de  Baas and  the land, the  other 
spread out  and produced the depression  observed here  by M. Ploix. 
Between these two  currents  there  was  a  relative calm, which ex- 
plained the formation and  the maintenance of the bank.  Not  only 
did  the sand  stop there more easily, but  the soil  itself  was  less 
vigorously  attacked. 

The up-current  being  stronger than  the down-current,  there 
occurred what  had been called  a tidal  gain (gain de Jot),  that was 
to say, the sand travelled from south to north ; and aa, on starting 
from the contraction caused by  the projection of Gris Nez, the 
coast fell back, and  the section  increased in a large proportion, 
the  alluvial soil  was  deposited, and formed and fed that series of 
banks cut  up  by channels  which  were  found before Dunkirk. On 
the beach the  currents were also felt, but  their action  was modified 
by  the  preponderating influence of the waves. The waves  eroded 
the beds of clay and  gravel,  and  afterwards filled up level with 
sand  the holes  produced between the banks of rock. But  in  spite 
of the presence of this sand, the shore a t  Boulogne was far from 
being  what  was  ordinarily  called  a  sandy shore-between the  Pointe 
de YHeurt and  Pointe de la CrGche, where there were at  every step 
masaes of rock or  gravel ; and the borings executed  by M. Legros in 
1872 justified the idea that  the  layer of sand  had  nowhere  a  greater 
thickness than 94 feet. If  this  layer were removed, the cliff  would 
be  found  everywhere of thg same character  under  water as above, 
and producing, in  consequence of the very different beds of which 
it was formed, the  tidal  gain mentioned  by M. Ploix, and  the 
irregularities  met  with  in  the bottom, and  which it would be 
absolutely impossible to  explain in the case  of a shore of sand. 

The theory  above  enunciated  had been supported  by  observation. 
A hydrographic  survey of the shore in  the neighbourhood of Bou- 
logne had been  made with  great care in 1876, under the direction of 
M. E. Ploix, Hydrographer of the  French Navy. Comparing the 
results of this examination with those made in  the same neighbour- 
hood in 1835 by Beautemps-Beaupr6, and in 1855 by MM. Gaussin and 
Estignard, M. Ploix  had  arrived a t  these conclusions : that  there  had 
been no appreciable modifications of the shore in general from 1835 
to 1855, and from 1855 to 1876 ; that  the cliff continued  to recede ; 
that  the  great  depths  had remained the same, and  that  the contour 
lines  starting from 1 6  feet  had ‘not  sensibly varied. The deposit of 
sand, caused by  the jetties of Boulogne, constructed in  1835, and 
by  the  Portel  jetty  in 1867, had produced very  little effect on the 

Downloaded by [ UNIVERSITY OF BATH] on [13/09/16]. Copyright © ICE Publishing, all rights reserved.



80 MINUTES OF PROCEEDINGS. 

bottom above 1 6  feet  depth. The existence of these  deposits  did 
not conflict with  the  theory enunciated, and  they  were  not of a 
nature to compromise the  future of the new port. 

These observations determined the character of the new works, 
and  the system on which  they should  be constructed.  Any  work the 
extreme  point of which  should not  attain  the  limit of the influence of 
the Pointe  de  l’Heurt  and  Pointe  de  la Creche  would have no sensible 
effect on the  great depths, and would  produce on the upper strand 
an elevation of little importance. Any  work that should  project into 
too  deep  water, starting from the contour  line of 16 feet, would act 
as a  groyne  and produce similar effects.  Now a  groyne (of which 
the effect was  not  suppressed  or  hindered by neighbouring  groynes) 
caused, on the one part, eddies or  counter-currents,  which eroded 
the shores to a  certain  distance on both sides of the groyne,  and, on 
the  other  hand, specially  tended  to produce banks on the down- 
stream side. Here  the same  cause  would  produce the same  effects, 
only  these effects would be, to  a  certain  extent, modified by  the 
alternation of the currents,  and  by  the superposed action of the 
waves. The oounter-currents would continue to  exist  along the 
shores a t  a certain  distance; but  the banks,  continually  worn 
away  by  the waves,  would probablynever  attain  any  great  height. 
Furthermore, the sand would accumulate in  the angle  between the 
construction and  the coast, especially on the side of the  prevailing 
winds, that was, on the south-west side. A simple  jetty, therefore, 
whatever its length  and its direction, would have the  fatal conse- 
quence of encouraging silting  up on bpth sides ; and therefore, in 
the proposed roadstead, and in front of the  existing port.  There 
was no escape from the danger  save by creating  an enclosed 
harbour, of which the whole  would  form a  groyne and deflect 
the deposit to a spot beyond the space  enclosed. Two  other 
plans  would, it was  true, accord with t,he theory  enunciated, and 
had, in fact, been  considered.  One was  a  system of isolated  break- 
waters;  the other, the construction of jetties prolonged to  great 
depths. This  last system  was proposed about the year 1840 by 
Chief Engineer Marguet. It was oonceded that such  a  plan  might 
result  in  the  establishment of a  deep-water entrance;  but it would 
be impossible with single  sluices,  and difficult with  dredging 
machines, to maintain  this  depth for the whole length of the 
channel.  And  if  ever it could  be  done, it would  be  necessary, in  
order that  all  the  advantage  might be obtained, to reconstruct 
nearly  all  the  existing works of the port. The  question was, 
therefore, Was it not preferable, instead of reconstructing the works 
under the most difficult and onerous  conditions, to utilise  what 
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already  existed, and  to employ the new funds  in  the  formation of 
additional  outer  works?  True,  the apologists of the  plan  in question, 
appearecl to confine their  ambition t o  obtaining from 3 to 4+ feet 
depth of water on the  bar a t  low water of spring tides. This would 
certainly  be  an  improvement on the  present  state of things, since 
now the  bar  was 3 feet above low  water. Nevertheless, taking 
into  account  the special nature of the traffic at Boulogne, it might 
be  asked,  if  this  advantage would sufficiently counterbalance  the 
inconveniences resulting from the  prolongation of the  jetties, viz., 
the  liability of vessels passing  to  windward,  and of avoiding the 
others, in  a channel  a  mile  or more in  length ; the danger of such 
a  narrow  channel jutting  out to  great  depths  with  strong  currents; 
the  propagation of the  concentrated  swell before it had been 
deadened by the shore ; the  great expense ? And if  the  jetty  plan 
did  not  present  such  overwhelming  advantages over the  main- 
tenance of the statwr quo, still less could it enter into competition 
with  an enclosed harbour,  by  which  not  only  would the existing 
inconveniences be remedied, but  an  anchorage  and new  harbour 
appliances  would  be  supplied. With regard to  the plan of an 
open roadstead,  procured  by the construction of a single  isolated 
breakwater,  as proposed by M. BQguin  in 1854, and  by MM. Gaussin 
and  Estignard,  and referred t o  by M. Ploix, this also presented 
serious objections. Indeed,  if  a  breakwater  were  constructed on 
the Bassure  de Baas, it would  be necessary t o  extend it consider- 
ably  to be  efficacious. (In 1856, the Committee of Naval Con- 
struction  and of the  Admiralty declared that it would  be necessary 
t o  make  such a  breakwater 73 miles  long,  which would have  cost, 
at   the prices then  ruling, 57,100,000.) If placed nearer the shore, 
it would be still  very  inconvenient,  in  addition to the cost that 
such  a  work  always  entailed.  What made  Boulogne an exceptional 
case, was the existence of this  current-this  river  between  the 
Bassure  de  Baas  and  the shore. In his opinion, therefore, it was 
advisable  to  interfere as little  as possible with  the  current,  by 
not  encumbering its bed. I n  any case, he  shared  the fears already 
expressed by  the  General Council of the Ponts et Chausskes on the 
1st of April, 1856, of seeing  the  channel between the  breakwater 
and  the shore gradually silted  up,  as this  channel was in  part  cut 
off from the  action of the waves, and even of the currents,  by the 
construction of the  breakwater. Besides this,  the smoothness of the 
water  behind  the  breakwater was  uncertain, and  might well not 
be sufficient for the  establishment of wharves  and  landing places. 

The careful study of the  character of the coast .led, therefore, to 
the conviction, that  the plan of a  deep-water  port was realiaable, 
[1878-79. N.s.] Q 
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and  that its best form would be an enclosed port on the  smth of 
Boulogne, encompassing the  entra~ce of the existing port. It was 

FIG. 3. 

on this  system  that  the project  recently  approved  by  the General 
Council of the Ponta et Chausse'es was based. 

Downloaded by [ UNIVERSITY OF BATH] on [13/09/16]. Copyright © ICE Publishing, all rights reserved.



HARBOUR AM) DOCK WORKS. 83 

Two principal objections had been made to  the  scheme: one, 
the  silting  up of the entrances by sand;  the  other,  the  silting  up 
of the interior. If  the condition of the coast was  really what  he 
had  sought  to describe, it might be unhesitatingly  admitted  that 
the entrances  would  not become  shoal. It was  doubtful  whether, 
if  the  Pointe  de  l’Heurt  were  united  to  the  Pointe  de  la CrCche by 
an embankment,  either  straight or slightly concave, it would  not 
be undermined,  rather  than  silted  up  by  the current. The same 
effect would be produced by  a  part of this  embankment.  The  har- 
bour works, as  a  whole, if not placed behind the curve  formed 
between  these  two  points,  would  constitute  a  groyne,  and  there 
would  be a denudation at  the head of this  groyne,  such as had 
been produced at  the  Pointe de l’Heurt. Deposits would  doubt- 
less occur to  the  south  and  to  the  north,  but  such deposits, which 
furthermore  would  not  endanger the  port,  would  probably  not 
attain  any  great  height, because the direct  effect of the groyne 
would be  opposed by the action of the waves. But it might 
be assumed, with M. Ploix, and  with  the  Nautical Commission, 
that   the channel  would  remain  free  from  any  deposition of sand. 
As regarded the deposition of silt,  the clean state of the neighbour- 
ing beaches, which  were of pure sand,  and the  absence of all mud 
banks  under  the  shelter of the  points de 1’Heurt  and de la CrGche, 
justified the belief that  any such  silting inside the roadstead 
would be unimportant. As a maximum,  half the amount of 
3 inches  per  annum  given  by  Captain  Washington, in 1845, as the 
rate of accretion at  Dover, might be  assumed. The deposit a t  
Boulogne  would not exceed 300 cubic mittres per  hectare (850 
cubic yards  per acre)  per  annum. The new port of Boulogne was, 
therefore, of good promise, and  had  great chances of success, 
For  the  construction of the  jetties  at Boulogne the compound 
system  would be adopted ; that was, jetties on a mixed  foundation 
of natural rock, random  work, and  surmodnteil  by  walling  from 
the level of low water of spring tides. The weak part of a 
mound wholly of random  work,  as at  Plymouth,  was that above. 
low  water.  Such  mounds  were  subject t,o continual damage, and 
needed an enormous quantity of material for their  maintenance. 
Jetties formed throughout of solid walls,  as at  Dover  and  Tyne- 
mouth,  were  very difficult of execution, and cost much  time and 
money ; their weak part was below the level of low  water. It 
was, therefore,  reasonable to cull from  each  system  only i ts  ad- 
vantageous  points ; and  this had  led to  the  employment of random 
work below low water,  and  walling above. 

Mr. RUSSEL AITKEX had considered harbours  in connection with 
a 2  

Downloaded by [ UNIVERSITY OF BATH] on [13/09/16]. Copyright © ICE Publishing, all rights reserved.



84 MINUTES OF PROCEEDINGS. 

the question of the  travelling of sand  and  shingle  along  the 
shore. He  thought  that  both Mr. Abernethy  and  the  designer 
of the harbour a t  Boulogne were  correct, and  that  the question 
was only one of degree. When  the  Tyne piers  near Newcastle 
were first started,  the  sand  accumulated  against  the  south pier, 
and  then passed round i t  on to  the  bar. as  usual.  After the  south 
pier  had been carried  out a considerable distance, the  sand  still 
continued  to  accumulate,  but,  as it had  a  longer expanse of beach 
to rest on, it did  not proceed so fast. The  south pier was now 
very  far  ahead of the  sand;  in  fact  there was ample room  for the 
accumulation of sand for, he  should  say, a t  least one hundred  and 
fifty years. The same kind of action  had  taken place at  Dover. 
Formerly  shingle used to go along  the  south coaat and pass over 
the  entrance to  Dover  harbour. Mr. Ralph  Walker  had  put  up  a 
sluicing apparatus,  by  which  he endeavoured to force the  shingle 
accumulating in  front of t.he entrance  away  to  the north. That 
was  only  partially successful, but it had some  good  effect. Since 
the clifF to the east of Folkestone  had been blown  down  for 
the  South-Eastern  railway,  the  shingle  that travelled  along the 
shore  had  been  retained  there,  and none of it passed the  harbour. 
The  Admiralty pier  was  free from shingle,  and  not only so, but, 
owing  to  the  want of the usual  shingle  coming  along  the coast, 
the  South-Eastern  railway to  the West of the  Admiralty pier  was 
being  undermined  by the action of the waves on the  unprotected 
chalk cliffs. It was  a  mere  question of quantity; so far as  he 
could judge  he  did  not  think  that  the  accumulating  sand would  be 
any obstacle to the construction of a harbour such as that proposed 
at Boulogne. The same difficulty was  urged  when  he was in India 
against  the  construction of the Kurrachee  harbour,  and it was 
said, “All  you will do will be to  put  the  sandbar  farther out.” 
He  had been asked to  report upon the subject,  and  he  had  pointed 
out  that  the sand  which  travelled  along  the shore was due  to  the 
waste of the coaat, and  that  if it was stopped by  a pier  there would 
certainly  not  be  a sufficient quantity of sand  accumulating  to 
require  the  extension of the pier for a  long time.  After the pier 
was  made the  sand was  stopped,  and the  bar was  dredged  away. 
He  had  attended  the  opening of the Suez Canal,  and  had seen the 
sand  accumulated  there. No doubt  a considerable quantity came 
from the  Nile  along  the coast, but on recently looking at  the 
chart it did  not seem to  him  very serious. All that was required 
was to take  the concrete blocks, which were  covered up  by  the 
sand at  the harbour  end of the west breakwater,  and  prolong  the 
breakwater  farther out. With  regard to the  harbour at  Boulope, 
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no doubt  after  a  time,  when the  larger particles of sand  had filled 
up  the  angle formed by  the  west  jetty  and  the shore, they would 
go  in  front of the entrance  and block it up, so that  there would be 
but  little more than 8 feet of water over the  entrance ; but  the 
question was, whether in designing  works of that kind,  engineers 
were  bound  to  provide for more than  a  certain  number of years. 
Neither  towns  nor  nations  existed for geological periods, and works 
that provided  for  a  certain reasonable term of years  might be 
accepted as  satisfactory. 

Dook walls  always appeared to  him  subjected  to  a sort of rule 
of thumb,  both in  their section, and in  the mode in which  they 
were  put up. He  thought it quite possible that  the  very best 
wall  would fail or break,  and  get  out of shape,  unless it were 
properly  supported at  the place where  the  greatest  pressure 
came on it, when  the  backing  had been put in. In constructing 
retaining  walls for  holding  up  water in  reservoirs, the  resultant 
of the combined thrusts of the  water  and  the  weight of the wall 
should on no account  fall  outside  the  centre  third of the base 
of the wall. In that case, if the weight of the masonry  dam 
pressed on the  foundations,  say  with  a  pressure of 6 tons  per 
square foot with  the reservoir  empty,  when' the reservoir waa 
filled, and  the  water  pressing  against  the dam, the  pressure a t  
the outside of the base of the dam  would be doubled, and  would 
reach 12 tons per  square foot, whilst  there would be no pressure on 
the base at  the inside edge of the masonry. But  in dock retaining 
walls t,he resultant of the  thrust of the  weight of the  backing  and 
the  wall itself was taken  much  nearer the outside edges than  the 
centre  third of the base of the  wall;  thus  the  pressure at  the 
outside edge of the  wall was very  great  per  square foot of the  area 
of the ground on which  the base of the wall rested, and  there waa 
no pressure on the base at  the inside edge. Hence if  the  ground 
on which the  wall rested  was  soft, compression took place under 
the  outer edge of the  base of the wall, and  the  top  part of the  wall 
moved forward. The logical conclusion was, that  there  ought to 
be a  large toe in  front of the wall, and at  the same  time that it 
should be EO made that  the pressure  due to the combined weight of 
the  wall  and  the  resulting  pressure should not exceed a certain 
maximum,  which  should be regulated  by  the  nature of the founda- 
tion. 

Sir JOHN &ODE said that  in  the remarks made by  previous 
speakers  justice  had  scarcely been  done to Mr. Mackenzie's Paper. 
He had no wish to  draw  a comparison between  the several  Papers 
under discussion, but  he  thought  that,  whether in  regard to the 
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narrative of works  executed, of difficulties encountered, of failures 
suffered, or of cost incurred, it was an admirable  example of what 
a Paper read before the  Institution  ought  to be. He  wished to 
give a word of friendly  caution to engineers  who  might  have 
to design docks for ocean-going steamers ; and  perhaps  he could 
not  do  better  than  relate  what  had occurred to himself. Eighteen 
or twenty years ago he  was  called upon to design  a  harbour 
and dock works for an  important  port in  one  of the  English 
colonies. The design  contained a dock of the  width of about 
450 feet and a length of about 1,000 feet. He was  met by  the ob- 
jection that  the dock was too large. It was  said, This is far 
beyond our  requirements ; the  largest  mail  steamer  we  have  trading 
here is 650 tons; ” the,  length of a st.eamer of that class would be 
about 200 feet. Fortunately  the Governor  was firm, and  the 
design  was  carried  out.  Two  years  ago  he  visited the colony 
for the first time, and  the  steamer  in  which  he  entered  the dock 
was 350 feet  long, and  about 3,000 tons  burden;  and  there  was 
a general  idea  prevailing that, if anything,  the dock wanted  en- 
largement. It was  fortunate  that  the design  had been  adhered to, 
because the dock had been  used by the  largest steamers trading 
to  the colony, and no difficulty had  arisen. But a time  had now 
arrived  when ocean steamers.  were rapidly  increasing in length, 
and it was  necessary that every dock to accommodate such  steamers 
should  admit of the largest vessel being  able to  turn round in  
the dock. And  not  only  should the  length of the vessel and  the 
width of the dock be considered, but it should  be remembered that 
a dock in  full use would have. steamers lying  at  the quays on 
either side, occupying,  say, 80 feet of the  width,  and  allowing 
15 feet for clearance on each side, 110 feet. Mr. Giles has referred 
t o  a  steamer lately launched for the Cunard  line 450 feet long. I n  
July  last Sir John Coode had crossed the  Atlantic  in a  steamer 
490 feet in  length. It was  true she was the  largest passenger 
steamer  afloat; but steamers  were now growing  rapidly, and for 
the  very dock which he designed eighteen  years  ago  he  was  now 
called upon to consider the  question of accommodating a  steamer 
(probably more than one),  now being built, 460 feet in length. He  
was satisfied that  an engineer  who  had  to  design  a dock in  the 
present day for ocean-going  steamers ought  not  to make it less than 
600 feet wide. 

Reference had  been made to a concrete machine with which his 
name  was connected. It was a modification  of a  machine  invented 
by Mr. Ridley, and  the  peculiarity of it was that  the machine  was 
always in motion. It had  a  saucer-shape cover, which could be 
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advahoed and  pulled back, while  the  machine was revolving; 
the issue of concrete  from the machine could  be stopped, and  the 
concrete could be  mixed for two,  three, four, or five, or more minutes, 
a8 might  be desired, without  allowing it to pass through. He  had 
seen concrete machines in which  t,he  material  had  been  thrown in 
a t  one end  and  went  out  with  a  bound at  the  other, an evil  that 
led  him  to the adoption of the cover. 

It had been said by Mr. Brqwne that  the  tidal flow up  and 
down a  river was an absolutely  unmitigated evil. He should 
have  taken  that  as a mere  passing  remark,  but that  the speaker 
had  introduced it in a  way  that showed it to be his deliberate 
opinion. Mr. Browne  said he supposed that Mr. Abernethy  mu& 
have  forgotten  two  things-that  the Avon must escape somewhere, 
and  that  there  was  an  average available  head of 35 feet  for  sluicing 
purposes. Mr. Abernethy was quite  aware that  the Avon must go 
somewhere;  but if it was thought  that.  any  great  gain was to be 
obtained by using  such  a head as 35 feet for  scouring purposes, he 
should  like to  call  attention  to  what  had  happened  at  Birkenhead, 
with  a head of only 20 feet. The most  perfect  sluicing arrange- 
ments  had been provided,  and  they  were used with  great care  and 
caution. Mr. Lyster  reported  fully to  t.he Dock Board on the 
subject, and said that  although  the velocity of the  issuing  current 
was 15 miles an hour  when  passing  through  the  sluice  chambers, 
no portion of the  material scoured away  reached  the  river Mersey, 
which was 400 or 500 yards  in  advance of the sluices, and that 
actually some  of the  material  had been deposited on the side at  
a distance of 300 feet  from the sluice chambers. If the flow  of the 
tidal  water  in  the Avon  was an unmitigated  evil,  certainly  the 
port of Bristol, without  the  tidal  water, could have  had no exiat- 
ence. It would be a sorry  day for  Bristol if  she  depended on 
the fresh water of the Avon, just as it would  for Newcastle if 
she relied solely upon  the fresh  water of the  Tyne ; and,  coming 
nearer home, he  did  not know .what would become  of the  port 
of London if  it  were solely dependent  upon  the fresh water of 
the Thames. At  the  present moment the  water companies had 
power to consume from  one-fourth  to  one-third of the summer  sup- 
ply over Teddington weir, and  they  were consuming very  nearly 
that  quantity.  In  the twenty-three  years  from 1849 to  1872 the 
quantity  abstracted  by  the  water companies had been trebled ; and 
if  it went on at  that  rate  the  time was not  very  remote  when 
there would be no freeh water  coming  over  the  weir  during  the 
summer. 

If the  view expressed by Mr. Abernethy in his  sweeping con- 

Downloaded by [ UNIVERSITY OF BATH] on [13/09/16]. Copyright © ICE Publishing, all rights reserved.



88 MINU!l%S OF PROCEEDINGS. 

demnation of ports on sandy  shores  were to hold  good, in many 
cases harbours could hardly  be provided a t  all. He had  stated 
that at Whitehaven  the combined effects of the west  and  north 
piers  had caused a deposit on each side  even to  the extremity. 
The  plan  exhibited did  not  show it to be so. The accumulation a t  
Whitehaven  was  not, in  his opinion, due to  littoral currents. He  
joined  issue with those  who  maintained that  the  great accumula- 
tions at  the side of piers  and  groynes  were  due  to  littoral  currents. 
They were, he believed, mainly  due  to wave-action. That  they 
might  be and were modified by  littoral  currents  there could  be 
no doubt;  but  he  maintained  that  the chief agency  was the wave- 
action  along the coast. In proof of that,  he would only  refer to 
the  fact  that  very much greater changes would take place during 
one gale of twenty-four  hours than  during  the  six summer  months 
when the  littoral  currents were in  full action. With regard  to 
Port Said, he  might mention that it had been reported upon in 
1870 by Admiral  Richards,  Hydrographer to  the Admiralty,  and 
Sir Andrew  Clarke, Assoc. Inst. C.E., late Director of Public 
Works to  the Admiralty,  and the result of their  inquiry was, that 
in the  ten years,  from 1860 to 1870, an area of about 45 acres of 
land  had  grown up  a t   the  back of the  west  pier;  and  they  went 
on to say, that before the material could reach the end of the  pier 
an area of about 1,400 acres  would have  to  be filled up, which 
would represent  a  period of about  three  hundred  years,  supposing 
the action to go on at   the  same ratio,  which  he  very much doubted. 
He  certainly  agreed  with  the broad principle,  referred to  by Mr. 
Abernethy,  as to  the importance of the conservation of tidal  water ; 
but  he  thought  that  the principle  was often strained  rather too far. 
There  was  another,  not less  important,  principle,  which  ought 
to  be  kept in view, and t h d  was  the controlling,  directing,  and 
guiding of the power of the  tidal  currents,  by  perhaps  narrowing 
a t  one point,  widening a t  another,  cutting off a broad point here, 
removing a shoal or obstruction  there. By such means  more good 
might  be  gained  than by straining  after  the  retention of a few 
hundredweights of tidal  water in an estuary,  which  might  perhaps 
contain millions of tons. It had been stated, that since the Round 
Down Cliff had been  blown down, the shore to  the eastward 
had been robbed of its shingle. A few years  ago Sir  John Coode 
was officially called upon by one of the Government  departments 
to report on the question of the loss of shingle  along  the coast to 
the  south of Deal, and  the conclusion a t  which he arrived, and 
which  had been  confirmed by a  recent  examination was, not  that 
the Down  Cliff had  retained the shingle,  but that it had been 
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retained by  the action of the South-Eastern  Railway Company in 
the projection of the groynes at   the  Folkestone  station. The 
company  had  constructed  several  groynes  there,  and by so doing 
had reclaimed some acres of land ; thus  had  entirely, for the present, 
stopped the  travelling of the shingle to  the eastward of Folkestone 
harbour. 

Colonel  MARTINDALE said he should  be sorry for it to  go  forth 
without qualification, that no dock for ocean-going steamers  should 
be  less  than 600 feet wide. The Victoria Dock  Company were 
now  adding  to  the Victoria dock, already 1 mile in  length,  another 
2 miles long. They  had  taken  the best  advice they could obtain, 
and  were  making  the dock 490 feet wide, which he believed was 
30 feet  wider than  the Clyde  where it was  frequented  by the 
steamers of the Anchor Line. No difficulty was found in  working a 
narrower dock. The  Millwall dock,  one  of the most  modern on the 
Thames,  was 350 feet wide. There were large steamers at  the quays 
on both sides. As a matter of fact, with proper  appliances a steamer 
could turn  pretty  nearly on ita centre. In the case of docks for a 
government,  or for a corporation, to whom money  was no great 
object, a width of 600 feet  was all  very  well;  but  for a  mercantile 
company, that wanted money for its shareholders,  a dock might  be 
safely  worked if i t  was over 450 feet in width. For steamers 
exceeding that  length  there could be no objection to  their  being 
taken  out  stern foremost, which, on the Thames,  was  found to be a 
very convenient  arrangement. If  the  width of a dock  exceeded 
500 feet it would be most convenient and economical to have it 
1,000 feet wide, with  jetties  projecting on either  side;  but  in  the 
case of a dock  of great  length  when  the  land on either side wag 
likely  to be of considerable value for building purposes, any dock 
over 460 feet  wide would suffice for the  largest ocean-going 
steamers. 

Sir JOHN COODE did  not  mean that a dock should  be 600 feet 
wide  for the whole of its length,  but  that  there should  be space 
somewhere for a  steamer  to turn. In some instances a steamer 
backing  out  would  find  herself  not  only in  diEculty  but  in con- 
siderable  danger. 

Colonel  MARTINDALE replied, that  in  the dock to which he had 
referred  there_was a space a t  one end of about 1,000 feet wide, and 
at  the  other a space of about 600 feet wide, in which a ship could 
turn. 

Mr.  ANDROS asked  whether the bottom of the Whitehaven dock 
was  puddled, and  what  amount of leakage took  place when the 
gates were first shut? In the case of a dock  opened a few years 
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ago a t  Workington in a similar  situation,  and  which  was  not 
puddled, when  the  gates were  first shut  the leakage  was  very 
considerable,  between 2 and 3 feet  between  tides, but in the course 
of a few  weeks it was reduced to 5 or 6 inches, and it was'  now 
practically  nothing. 

Mr. MACKENZIE  said, that Mr. Brunlees,  who  was  unable to be 
present, had asked him  to  make one  or two observations in  his 
stead. With reference to  the  lime concrete used in  the foundation 
of the dock,  Mr. Brunlees  would  prefer,  under similar circum- 
stances, to use cement concrete, chiefly because the  lime concrete 
set so slowly that it was apt  to be  injured by  the action of 
pumping ; whereas  cement concrete  would set sufficiently hard in  
twenty-four  hours to resist  injury from that cause.  Mr. Brunlees 
attributed  the  springs  met  with  in  the foundations of the lock 
chie0y to  rain  water collecting on the surface of the lock slopes. 
I n  excavating  the  site of the lock the soil wm continually  slipping, 
and  ultimately  the slopes on each  side formed a series of ridges 
and hollows, parallel with  the  line of the lock. In these hollows 
the  rain  water accumulated, and  by  filtering  downwards  obtained 
it head  of pressue on the foundation, and  upwards in  the shape 
of springs. He ,was himself of opinion that  the  springs which 
occurred in the foundation of the dock wall were  also due t o  land 
water. 

Another  point to which Mr. Brunlees  had  desired  him to direct 
attention  was  the  large sectional  area  provided in  the sluicing 
ways of.   the lock, with a  view to  insure  the  prevention of any 
accumulation of silt. Those  sluice-ways had  answered their 
purpose very well. The  outer sluice-ways were  divided into  three 
branches for the purpose of spreading scour over the apron,  and 
they  had proved ample. They were  scarcely  ever used, except to 
a limited  extent.  The  scour  from the sluice-ways had been 
sufficient, not only to clear the lock of silt, but  to  maintain  the 
entrance  channel, This  statement should  satisfy  those  speakers 
who  had expressed fears  as to  the accumulation of silt in  the lock. 
On this head it should  also  be stated  that  the rollers of the  gates 
were  provided with scrapers,  for the purpose of clearing  away the 
mud on the  paths  in  front of them when they were moved. When 
the Avonmouth Dock Bill  was  in its Parliamentary stages  several 
eminent  engineers expressed very  diverse  opinions as to the effect 
of the  tidal  ebb  and flow in  the channel. Some  of them  held that 
it would be  impossible to  maintain  that  channel;  that considering 
the  great amount of mud  which the  water  held  in suspension, 
and  the complete .silting  up of the  north  channel  which  had re- 
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cently taken place, the proposed channel  would  inevitably silt up. 
On the  other  hand  Sir  John Coode, who  was the principal  witness 
in favour of the Bill, had no fear on that  head;  and  held  that 
the fresh water of the Avon scouring  the  entrance so near the 
locks, a t  a depth of about 8 feet 7 inches below the  outer  sills 
during  the  period of low water, would  have a  tendency to suck 
the mud  out of the channel. The experience of the last two years 
since the dock was opened had  completely confirmed Sir John 
Coode's anticipations. In fact, the  tendency of the  channel  had 
been t o  become deeper, and it was now about 2 feet deeper than 
when it was  dredged. That  result had been gained by a  very 
moderate amount of sluicing. In fact,  the  remlt was  due  simply 
to  the  discharging  into  the  channel of only  about  three  lock-fulls 
of water  per  month. He  thought  these  facts  had  an  important 
bearing  upon the question of dockizing the river. Mr. Aber- 
nethy  had said, that if a dam were placed across the Avon the 
same  result would happen  as  had  happened  to  the  north chrtnnel, 
and  that  it would silt up. Considering that  the entrance  from the 
channel to the Avonmouth lock had been maintained  and deepened 
by  the scouring  action of only three' lock-fulls of water  per  month, 
he  thought  that  a  short  channel from a dam plaoed across the Avon 
t o  the  Severn,  with the  unlimited  amount of water  that would be 
available  for  scouring, could be  easily  maintained.  The  inclination 
or  fall  such a channel  would  have  towards  the deep water in  King 
road, and  the  great scour of the Severn a t  its entrance would 
conduce to the same  result. He would not go into  tho  larger 
question  raised in connection with  that  matter,  but would  express 
his  opinion that such  a  channel  as would  be  formed in  the case 
supposed would simply  be  the Avonmouth  channel on a large 
scale. It had been objected that  the scheme would  deprive  small 
craft of the  advantage  they now  possessed in  availing  themselves 
of the flood tide t o  go up  to Bristol. At present the small  craft 
did  not use the  river  ini~that way. They  generally passed the 
Avonmouth dock on the flood-tide, when there was  about 15 feet 
depth of water on the  Avonmouth sills, and  arrived a t  Bristol 
about an hour before the locks were opened. About 80 per cent. 
of those small vessels were  towed up the  river  by steamers,  and 
the  remainder  navigated  the  river at  a considerable risk. If  such 
a scheme  were  carried out, locks would undoubtedly be placed at  
the entrance, so that small vessels, and  others of a  larger size, could 
be  admitted  into  the float, and  sent to  Bristol, a t  nearly  all  states 
of the tide. 

With  regard t o  the dock walls, the  two  great  difficulties  that 
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had to be contended with were,  weak foundations and  unreliable 
backing. The distinction  between the foundations of the  wall 
and  the  wall itself  had been somewhat  vaguely heated  in  the 
discussion. If  the foundations of a dock wall  were  sufficiently 
hard  to  resist  the maximum  pressure upon them,  and  the base of 
the  wall  was wide  enough  to  resist the  thrust of the backing, 
the works to which  reference  had been  made, such  as toes and 
buttresses in  front of the wall, would be entirely superfluous. 
1% would  be  found, he  thought,  that  the  failure on the westerly 
side of the dock was  mainly  due  to  the soft  material  under 
the concrete footings. That material  was of a very inferior 
description, and no such bad material  was  found at   any other 
point. The clay on which part of the wall  was  put,  and on which 
it was  now  standing,  was  not,  he  thought,  the  very bad material 
that it had been represented, because a great  portion of the wall 
stood for  seven years upon it, fully backed up  and  with  the dock 
empty,  without perceptible movement. With  regard  to  the  wall 
on the eastern side, he  did  not  doubt  that it had failed  owing 
to  the enormous  increase of thrust,  due  to  the deteriorated con- 
dition of the backing. The season was very  unfortunate at  the 
time  the  wall  was backed. When it was  fully backed up there 
was a prolonged season of rain,  and  the backing,  after it had 
been carefully  deposited, got  thoroughly  saturated. He would 
point  out  that  the section of the east wall  about the base  was 
about 18 feet, and  that base  would  be quite  suitable  to a backing 
the  natural slope of which  was  about 12 to 1. As long  as  the 
backing did not  have a flatter  inclination than  that,  the  wall  was 
safe;  but  when  that  was exceeded by  saturation it became in- 
sufficient. That, undoubtedly,  was the cause of the failure. The 
lesson he drew*,  from the failures  and from the succwses (for it 
should be  remembered that  the failures formed a small  portion 
of the  total  length of the wall)  was the necessity of extreme  care 
being  taken that  the material  with  which a wall  was backed  could 
be  relied on to  maintain  the  angle of repose calculated  upon in  
fixing the  width of base. If that were done, the most economical 
way of designing a wall would be, undoubtedly,  not to make it 
wide  enough to  sustain  any  amount of pressure, but  to fix upon an 
angle of  repose in  the backing, and  to  take  care  that it was a 
backing that would stand at   that  angle. He believed that if 
the backing at   the  Avonmouth dock wall  had been material 
whose natural slope was not  flatter  than 12 to 1, no failure would 
have  occurred;  and he  thought it would  be  good  economy to 
have the backing of walls of material whose angle of repose 
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would not be  affected by  water. Mr. Giles  mentioned that he 
had  built  a  wall 40 feet in  height  with  a base of 25 feet, and  that 
it showed  symptoms of movement;  and the inference he  had 
drawn was that 25 feet  was not  a sufficient base for the  height 
of that wall. That,  again,  was,  in his opinion, entirely a question 
of backing. He should  think in  the instance  quoted the backing 
must  have been exceedingly  bad  material, for the  width  nearly 
approached what would be required  for  mud  pressure, or nearly 
double water  pressure. Mr. Giles  appeared  to  have  thought it 
would be a good plan, in  the case of a weak wall, to remove part 
of the  backing  and  substitute  a  platform of timber, and  that 
counterforts  were  expensive and useless. But  surely it would be 
better, instead of putting  a  timber  platform  behind  a wall,  which 
had t o  be renewed  every  ten  or  twelve  years,  to  put  quarry  spalls 
or other  such  material  behind, so that no thrust would  be brought 
upon it,  and  which would  form a permanent  quay. He could not 
agree  that counterforts  were expensive and useless. In the  last 
failure at  Avonmouth there was no alternative  but to build 
counterforts. The object was to  get  the  water in  the dock a t  
the earliest  moment,  consequently the  fracture was made  good as 
soon as possible, and  the  water  admitted  within a few weeks of 
the failure. The counterforts  were afterwards  put  in  when  a 
depth of about 15 feet of water was let  into  the dock. It would, 
he thought,  be  admitted,  that  at  any  rate  the counterforts lessened 
the  pressure of the  material  behind  the wall, and  that  the  holding 
power must  count  for  something. 

With regard to  Mr.  Browne’s remarks  as  to  the  strength of 
dock gates, it was  undoubtedly  true  that, when the  formula 

t = pr  ” was applied to a dock gate, it was assumed that  the 
centres of pressure coincided with  the  centre  line of the cross 
sections of the  gate;  but  in a gate  constructed of such  material  as 
Memel or pitch  pine  the factor of safety  was  necessarily so large, 
owing  to  the variations in the  strength of the  timber, a.nd to  the 
fact that  to some extent  the  dimensions  had to be regulated  by 
the scantlings  obtainable in  the market, that it was  ample  to 
cover any deviations  from that ideal  condition. The  formula  gave 
as  good a practical result as  more  complex methods. He  did  not 
share Mr. Browne’s scruples as  to  making large  gates of timber. 
The Canada lock a t  Liverpool  was of 100 feet  span compared 
with 70 feet at Avonmouth, and  when  this  was  taken  into account 
the  total  pressure  on  the bottom ribs of the  gates  at  these places 
was  not  very  different.  The  settlements  in  the  masonry a t  Avon- 
mouth would have been very  detrimental to  iron  gates, and  he 
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believed would  have caused their  ultimate  abandonment  in  favour 
of wooden  gates. As to  the decay of the timber, it should be 
remembered, that even in iron  gates  the  parts  subjected  to  the 
greatest  tear  and  wear,  the  mitre  and heel-posts, were  made of 
wood.  Mr. Giles  remarked that  the cost of ashlar  given  in  the 
Paper  was  in  favour of granite.  This  had also impressed the 
Author.  Forest of Dean  stone could not  be  dressed in  the  quarry 
as  granite could, because, in loading  and  unloading,  frequently 
before it reached its destination, the edges or arrises got chipped 
off and  broken,  which was not  the case with  granite. It had, 
therefore, to  be  sent  to  the dock works in scabbled blocks, which, 
in  dressing  to  the  exact  dimensions required,  involved  more or less 
waste,  and  thus  increased  the cost. His experience had shown 
that it would  be good  economy to make the whole of the quoins 
and  ashlar  work of a lock of granite. Mr. Duckham thought  that 
a  vertical face should be adopted  in lock walls  instead of a bat- 
tered face. The  advantage of the  latter  was  that,  in  designing  the 
wall, the  segment of masonry  lying between a  curved or battering 
line  and  a  perpendicular  line  let fall in  the skewback of the  invert 
could be  removed without affecting the  stability of the wall,  and 
an  additional  width of lock was thus  obtained  proportionate  to 
the amount of batter.  The  avoidance of accidents on account of a 
battering  wall was a matter of care on the  part of the dockmaster. 
Mr. Duckham  had  reminded  him that  he  had  omitted  to  state  in 
his  Paper  that  hydraulic  machinery  was  provided  to move the 
lock  gates,  capstans, &C., and  that  three fixed cranes capable of 
lifting 35 cwt., one movable  crane of the same power, and one 
15-ton fixed crane, had been provided on the  quays  and worked by 
hydraulic  machinery.  The  latter  was  supplied  by Messrs.  W. G. 
Armstrong & Co., and  was of their  usual  type of appliances  for 
dock purposes. With reference to  the  remarks of Mr. Giles as to 
the  width of the dock, he  might  state  that  the Avonmouth dock 
was 500 feet wide; so that  a  steamer of 450 feet in  length, or 
even 480 or 490 feet,  would  have no difficulty in  turning  round, 
because if  any vessels were lying  in  the  way  they could easily be 
shifted. 

Mr. WILLIAYS observed, in reply, that  as Mr. Hayter  had been 
good enough to say  that  the works at  Whitehaven  had been a 
complete engineering success, it was not necessary for him to  
make  any  lengthened  remarks, but  there  were one or two  points 
to  which  he  desired briefly to allude. With reference t o  the load 
on the  swing  bridge;  owing  to  the  limited  area of the  site  the  tail 
end of the  bridge was  unusually  short,  and  in  this case a load of 
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5 cwt. at  the  extreme  end of the  long  arm  was considered ample 
to prove the  stability of the  structure  while  turning freely upon 
its pivot. The  bridge was  also  tested,  when closed, with  a  moving 
load of nearly 1 ton  per  lineal foot, but  the  flange  strain  was 
then  considerably  less  than  during  the  previous  test. Mr. Parkes 
was  anxious that something  should be said more in detail as to  the 
causes whioh  led a t  one time to  the  silting  up of Whitehaven 
Harbour. Of course in  connection  with  harbour  works it would 
be  manifestly  absurd  to  generalise,  but in many  instances it would 
be  found that when  a  solid  pier  was run  out from a sandy fore- 
shore, and  intercepted  the  littoral  currepts, accretion ensued in ’ 

the  vicinity of the pier, and  the  low-water  mark  gradually 
advanced seaward  with  the  advance of the  structure.  At  White- 
haven  the  set of the tides  was  peculiar. As the flood tide  set 
from the southward  a  counter-current set  towards the harbour 
from  Redness Point;  and as the  construction of the west pier 
advanced  seaward it intercepted  this  current,  and  in consequence 
deposition ensued within  the  shelter of the pier. Sir  John  Rennie, 
seeing  this,  impressed upon the Trustees of the harbour  the 
necessity of a t  once proceeding with  the  construction of the  north 
pier;  and  there was no doubt  that if his advice  had been  followed 
the  harbour would not  have silted  up to  anything  like  the  extent 
it had done. He  might  add  that  the  natural  shoaling  tendency of 
the  harbour  had been much  diminished  by the works  recently 
carried out  by Mr. Brunlees,  and described in  the Paper.  Prior to 
the  construction of the  north  wall  there  were  three  openings in the 
north pier, and  the consequence was that  the  counter-current from 
Redness Point  set  directly  into  the  harbour,  carrying  with it sand 
and  other  matter  in suspension from the adjoining shore. By the 
construction of the  north  wall  these  openings  were demolished, 
and  the consequence was, that while  the  secondary  outlet was 
closed the scour of the harbour  was  materially  increased, because 
the ebb  water could now only escape through one outlet direct 
down the  fairway  to sea. As to  the  general  question of dockizing 
tidal  rivers  in  the  interests of navigation,  he  should  regard  any 
proposed works  tending  to  diminish  the  tidal volume of a river 
with some suspicion;  and  he  was  inclined to  think  that if the 
river Avon were dockized, the 6 feet depth of water  which Mr. 
Mackenzie had  stated  to  be now in  the Swashway, at  IOW water, 
would rapidly disappear. Reference had been made to  the form 
of locks, and the  desirability of docks being  made  wide  enough 
to enable the  largest class of steamer  to turn round,  instead of 
Udocking stern foremost. No doubt that was a  matter of import- 
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mce where  the seaward channel was contracted  and tortuous, like 
the Avon itself. But  in  the case of Liverpool  or  Hull,  and 
probably  Avonmouth,  undocking stern foremost was, he  thought, 
a matter of secondary importance  compared  with  the  advantage of 
extra  quay  berths inside. The  t,urning of a modern  ocean steamer 
in dock not  only necessitated a considerable mechanical expendi- 
ture,  but also the  shifting  and  inconveniencing of ot,her vessels  in^ 
dock ; and,  from  observations a t  Liverpool,  he could state  that it 
was a  very common thing for large  steamers  to  undock  stern 
foremost. A subject of considerable  importance  in connection 
with  harbours  and docks had been touched upon by Sir John 
Code,  and  that  was  the  great  change  that  had come over the 
character of our  shipping,  and  which  would  have t o  be considered 
with reference to  the  proportions  and  details of modern docks. 
Steamers  were  now  not  only  twice  as  numerous,  but  twice  as 
large, as they were fifteen years ago. This increase of tonnage in 
the modern steamer was not so much due to  increased depth  or 
beam, entailing  deep  and  wide  entrance locks, as to increased 
length ; so that,  instead of providing dock  accommodation for the 
short bluff type of vessel, engineers  were now required  to  afford 
accommodation generally  for vessels long  and  thin  in character, in 
some instances exceeding 500 feet in length.  When  engaged a t  
Liverpool,  under Mr. Lyster, lock entrances  were  constructed 
100 feet wide, t o  accommodate such vessels as the ‘ Scotia,’ the 
Persia,’  and the  other  paddle  steamers of the Cunard  line ; but 

for ocean service the paddle-wheel was a  thing of the past,  and a 
lock 60 feet in  width would be ample  to admit  the largest modern 
steamship in  the mercantile  marine. With reference  to the form 
and batter of dock walls, no doubt  with  a  given mass, a  battering 
face materially  increased  the  stability of the wall, but there  was 
a limit for the  batter,  particularly  in  a  tidal  harbour. If a  batter 
of 1 in 12 were exceeded, a vessel might  get  nipped,  during  the 

, fall of the tide,  between the face of the  wall  and  a deeper laden 
vessel. He was of opinion that  in  tidal  harbours  a  batter of 1 
in 12 should not  be exceeded, and if possible the  foundation  should 
be inclined  normal  to the  batter ; but  in  the case of dock walls, or 
where vessels lay afloat, the  batter of the face of the lower portion 
of the  wall  might be increased with  advantage. He was further 
of opinion that  the face of dock walls  should be built  slightly 
concave  or arched on plan,  which would not only give  them  in- 
creased stability,  but,  in  the  event of their moving  forward, it 
would be  towards a straight  line  instead of away from it. He 
agreed  with Mr. Giles that dock walls  should be sufficiently 
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strong  to  resist  their maximum  head of water  while unsupported 
in front. As to borings, he  thought it was very  important  that 
they should  be made outside the  line of the work. If  they were 
made within  the  line of the wall,  they  might  during  the progress 
of the works lead to considerable difficulties, simply because 
they  tapped the springs. He had found that  by experience,  and 
he  had  therefore  advised that when  borings  were  required  they 
should  be  made a t  a short distance from the proposed  work. The 
cost of the dock gates a t  Whitehaven  to  the  Trustees  had been 
128. l id .  per  square foot. With regard to  the leakage, a t  Work- 
ington dock, which  was  said to be  about 3 feet between tides ; 
a t  Whitehaven the bottom of the dock was  not  puddled, and  the 
maximum  leakage  between  tides a t  first  did  not exceed 6 inches, 
and a t  present it was  almost  nil. The areas of the  two docks 
were  about equal. 

Mr. WILLIAM J. DOHERTY remarked, through  the Secretary, that 
the “ striking example ” of “ mud  settlement ” at  the Avonmouth 
dock, which  had been attributed  to a “ variety of causes,”  could be 
easily accounted for, if  an examination of the  surrounding  river 
and  tide-way  were made. Where “mud  settlement” had been 
recent, it followed that  there  must  have been  some diminution, or 
alteration in the  quantity or direction, of the  water  or tide-way- 
a  point sometimes lost  sight of in  the curtailment of water areas, 
particularly in  their relation of assisting in  the dispersal, or pre- 
venting  the accumulation, of silt in  the channel  ways of riverless 
harbours. A practical example, illustrative of this view,  was that 
of the Lough  Swilly  Reclamation  Embankments,  cutting off from 
the Lough some  of its shallower  estuaries, upon which he  had been 
engaged in 1856. The embankments  joined the southern  end of 
the island of Inch  to  the mainland,  thereby preventing  the  tidal 
waters from flowing over a  shallow slob-land  of about 3,000 acres. 
Thus  the north-east  channel,  for  a  distance of nearly 3 miles  from 
the embankment,  had been silting  up for the past  twenty years, 
and, from having a  depth, in 1856, of 4 feet 6 inches a t  extreme low- 
water, at  the point  where the embankment crossed the channel, it 
had been silted up to 3 feet 6 inches  above low  water  for fully 
1 mile, and no channel now  existed a t  low  water  for  this distance. 
The  remainder of the 2 miles of channel  had been affected, so that 
oyster-beds, formerly highly productive, had become almost useless 
from the  silting up. Again, the channel on the western  side of the 
island  had  fared no better. At  the  Farland  Point,  where  there was 
formerly  a depth of from 16 to 18 feet at low  water,  the  depth was 
now only 6 or 7 feet, notwithstanding  there  was  but  little  silty 
[1878-79. N.S.] H 
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matter  apparent in  its waters. This showed that  the curtailment 
of water  areas  behind  the  channel  was deleterious to the navigation. 

It was a distinguishing  feature of fine sand  foundations, where 
the  substrata communicated with  the  adjoining  river,  that  trouble 
was to be expected  from what  the  Author termed  springs,” but 
what were in  reality  the  filtrations of the  adjoining  waters  through 
the sand. This appeared to have been the case in  the Avonmouth 
dock, where, the  Author  stated, “ the  clay bed left  the  sand 
exposed a t  6 feet below low  water,”  which  was also the L‘ level of 
the bed of the Avon near  the dock,” so that  the sand formed a 
filter-bed, through  which  the  water found its way. Similar 
examples  had come under  his observation, as  that of the Hamilton 
graving dock, Belfast;  and,  notably,  that of one of the  graving 
docks off the  Great  Float  at Birkenhead docks, which  had to be 
abandoned as a graving dock in consequence of “ springs ” or 
filtrations. Every  application  usually  resorted to  in such cases 
had been adopted by Mr. Lyster, yet  the L L  springs ’l obtained 
the mastery. The reference to  the  quantity of water  escaping 
a t  low  water, in front of the  outer  invert of the Avonmouth dock, 
was  a  confirmation that thO water from the dock filtered through 
the  sand bed. He  believed that  if a layer of from 2 to 3 feet in 
thickness of small  broken  stone  and fine gravel  had been laid over 
the  surface, before building  the masonry of the invert,  sill,  or 
walls, the “ spring ’l would thereby  have  had  the means of travelling 
to  the artificial ducts  left  in  the masonry, without  carrying  away 
the sand in  sufficient quantities  to  damage  the  foundation bed on 
which the masonry  rested ; and  he  thought  that  the bottom courses 
of either masonry or concrete in weeping  foundations  should  be 
laid  with  Portland  cement, in  preference t o  hydraulic  lime, on 
account of the quickness of setting. 

From  the  uncertain  depth of the foundations below the dock 
floor, it was,  evident  that  there  was  great  irregularity  in  the form 
and dimensions of the  structure;  and  the founding on a bed of 

blue clay,” of alluvial  formation,  overlying a bed of fine water- 
bearing  sand,  must  have  arisen from an economical mistake. It was 
a hardy experiment, to  risk  upon such a foundation a wall 40 feet 
high above the floor of the dock, and  built ‘of such  top-heavy 
proportions as described. He considered that  the inclination of 
the  wall  to  overturn, by coming  forward at   the  t op ,  was  attributable 
t o  the over-thickness of .the  masonry at  the  top;  and  that  the con- 
crete pockets had been wisely abandoned. 

One of the most important elements in securing the  stability of 
dock walls,  was the  care  with which the . .  filling and its quality 
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were  attended to;  a little  extra expense in  procuring rock 
rubbish, or quarry shivers,  for  filling  immediately  behind  walls, 
would  insure the non-lodgment of water,  during  their construc- 
tion; and as the  quarry  reddings would exert no weight on the 
wall,  being  self-supporting, the  pressure of the  remaining filling 
would as  a consequence be reduced to a minimum. The  faults in 
the  Avonmouth dock walls  had been increased by  the  want of 
caution in ascertaining  the  nature of the foundations,  and by  the 
use of defective  backing.  However, the  Author was to be congratu- 
lated upon the  unreserved  manner  in  which  he  had  given  an  account 
of the failures, as too frequently  weak  points  were  kept  out of view. 

The  proportions of cement  concrete used would, he fancied, have 
been better if 2 parts of the  sand  had been kept out. He was of 
opinion that  the ordinary  pug-mill  form of mixer placed hori- 
zontally, as  introduced  for concreto mixing  by Mr. B. B. Stoney, 
having  revolving  knives,  was much superior  to  any  other 
form, considering that if well  attended it could turn  out from 
60 to 70 cubic  yards of concrete in  a day.  Hand-work  should 
only  be  applied  to concrete made of hydraulic lime,  where the 
relative  proportions of the:materials were  not  very different. 

No port  in  Ireland  had become of so much importance,  within 
the same space of time, as Belfast. He considered it fortunate  for 
the progress of the  port  that  the scheme$ of Messrs. Rennie,  Telford 
and Rhodes had  not been carried  out. A  ship  canal  in  a  harbour 
with  an  average rise and  fall of tide of only 8 feet would have been 
a decided inconvenience. As one of the contractors for the con- 
struction of the Abercorn basin  and  Hamilton  graving dock, opened 
in 1867, under whose personal  supervision the -works  had  been 
carried  out, and also as  contractor  for the construction of the 
Queen’s quay, opened in 1877, he was  conversant  with  the whole 
of the improvements recorded by the  Author,  and consequently 
regarded  the  general  prospective  improvements  with much interest. 
Looking to the progress  made at  other  harbours  towards  meeting 
the requirements of modern shipping,  namely,  having  a deep-water 
entrance  and  harbour  for  all  states of the tide, the  Author’s  view 
of obtaining  a  depth of 15 feet below low water was moderate, and 
therefore the improvement of the approaches became a necessity. 
He  thought  that  any  deepening for the  improvement of the fair- 
way of the  channel-approach should  be in  the direction of making 
it straight  through from the Twin Islands  to  the &fathom line 
of soundings, at  a point opposite, slightly to the north-east of 
Holywood;  and that  the first  operations should be from the %fathom 
sounding  in  the  present  channel east of the  middle  bank,  and 
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across the Holywood bank. If  this were done it might be found 
that much of the  present inconvenience  would have been  overcome : 
if  otherwise, then  the deepening through  the present  middle bank 
north-west of the Stone beacon  could be proceeded with. No 
danger need be  apprehended from the “ send ” of the sea,  even 
should the  straight  channel  have  to be  adopted in its entirety, as 
the distance to  the  inner  harbour from the Holywood bank exceeded 
2 nautical miles. One great desideratum for all harbours  was  a 
&form and  uninterrupted approach, affording a  clear  outlet  to the 
ebb bide and back  water,  and  thereby  making the channel its own 
dredger. 

The Hamilton  graving dock and Abercorn  basin  were founded 
on a bed of  sand-firm and compact when kept clear of water, but 
quick when  under its influence. The same difficulties were  met 
with here  from ‘‘ springs,” or rather  filtrations,  as were encountered 
at  the Avonmouth dock, with  this difference, that  the pressure a t  
the Avonmouth was  due to a  head of 44 feet at  high  water,  while 
a t  Belfast it was only 24 feet. Consequently the pressure on the 
sand bed was  much  less at  the  latter place ; yet,  after  the floor of 
the  graving dock had been laid in hydraulic  lime concrete and 
close-jointed ashlar  pavement, t.he “ springs ” burst  out  in various 
places. Numbers of safety  pipes  were  inserted  into the %oor of the 
dock as  near the sides as possible, and grooves were cut to lead 
the flowing water  into  the  side channels. After grouting  under 
pressure the fine sand ceased to come up, and  the  water had  since 
flowed freely  with  slight  diminution,  thus  saving  the floor of the 
dock  from “ blowing,” and  the masonry from being cracked. 

A slight  settlement  in  the pump-well,  engine-house, and adjoin- 
ing pier-head,  had  taken place, not so much attributable  to  the 
sand flowing  away underneath  as  to  the insufficiency of the foun- 
dations,  both  as  regarded the thickness of the masonry, particularly 
as  to its depth,  and the  nature of the  strata upon which it rested. 
At  this place a fault  existed in  the uniformity of the sand bed, the 
blue  clay alluvial deposit  overlying the sand. KO doubt from the 
desire of not  incurring  extra expense, t.he foundations  had been 
more tenderly  dealt  with  than subsequent experience  showed  would 
have  warranted. The remaining walls, sills, floor, and apron of the 
graving dock, and walls of the Abercorn basin,  remained as perfect 
as  when  they  were  built,  being  straight a.nd sound throughout. 
Care  was taken  to preserve  for  filling the best of the excavation, 
consisting  principally of fine sand deposited in uniform layers  in a 
dry state. The basin  walls  were built of “ snecked ” ashlar,  sand- 
stone facework up  to  the level of low  water, with fine-punched 
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whinstone facework above that level, the  backing  throughout 
being chiefly sandstone.  The whole  was laid  in  hydraulic  lime 
mortar, made from Flintshire  blue lias  stone, burnt  and  ground on 
the works. The compactness of the  sand bed, into  which  the  elm 
sheet piling of the new Queen’s quay  had been driven, necessitated 
the  continuous work of a self-acting  endless-chain  steam  pile- 
driver,  actuating a 2-ton ram  from  four to  seven hours, to  drive  a 
set of three 37-feet piles. The  only  thing  to be regretted was that, 
with such firm foundations, the stone  walls of the Abercorn basin 
had  not been continued  for  the 2,150 feet t o  the  bridge  instead of 
the  new Queen’s quay  timber  wharf,  notwithstanding  the excel- 
lence of its design. 

It was questionable  if the  saving of cost in  the first  instance 
would  make  up for  the  inconvenience of renewal thirty  years hence. 
The cost of the  graving dock and  basin  had been about %60,000, 
and of the Queen’s quay  wharf  about 558,000. These  were  the only 
works at  the  harbour  with  which  he  had been personally connected. 

He  had  many  opportunities of examining  the failures at  the 
Dufferin and Spencer docks and entrance. The  Author of the  Paper 
pointed “ to  the  weakness of the  piling timber,  and the inefficient 
depth of footings,” as the cause of failure, combined with  the soft, 
filling ‘‘ behind  the walls.” With  this  opinion  he  to a great  extent 
agreed.  Sometimes a sense of economy prevented  young  engineers 
from designing  works in doubtful  foundations  suaciently  strong, 
particularly  when  dealing  with  clay deposits, such as those  under 
notice  both a t  Belfast and Avonmouth. Round timber piles with 
tapering points, 15 feet  long, 4 feet 6 inches  apart from  centre to 
centre, and  only 7 inches in diameter at  the small  end,  had been 
clearly a mistake  where 28-feet piles, each 12 inches  square, had 
been driven by the  Author  in  rebuilding  the fallen  entrance. If, 
in  the first  instance, whole-baulk piles, 12 inches  square, 3 feet 
6 inches  apart from centre  to centre, had been driven 5 to 6 feet 
into  the sand bed, and a row of 12-inches  square  sheet  piles of the 
same length  had been  used, together  with a depth of 6 feet oi  
concrete  instead of 18 inches, and  the section of wall  had been 
slightly increased up to  the level of the second set-off from the 
bottom;  and  if a 6-feet thickness of quarry shivers had been 
placed behind the wall as a first  filling,  and the  remainder of the 
filling  had been selected with  ordinary care, there was little  doubt 
that  the  walls would  have stood without failure. 

With regard  to  the  Whitehaven dock, he would only  notice the 
mode of building  the walls-with front  and back divisions, having 
an intermediate space of 4 feet, called “ pockets,” for concrete. He 
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thought it would have been better  to  have  built  the  walls solid, 
as no saving  in  labour  or  materials could have been effected, and 
only a  weaker wall  had been obtained ; however, the use of rubble 
and  the reduction  afterwards of the  width of the  wall from 9 to 
6 feet  underneath  the coping  was  a  deciaed  improvement. 

As one who tendered  for the construction of this work a t  
5101,220, it was a confirmation of his  views of the value of the 
work to be  told  that  the  actual cost had been about 5100,000. 

Mr. J. P. GRIFFITR observed, through  the Secretary, that  the 
contest  whether  Belfast  should  be  a closed  dock or an open port 
had been carried on with  great  ability  by  the  supporters of the 
several schemes. Fortunately,  the proposal to construct  a  ship 
canal  with  entrance locks was  rejected, and  the port had thus been 
left freedom for expansion to meet the unknown  wants of the 
future. The approach to  the  harbour still required considerable 
improvement ; but,ffrom  the  apparent desire to reclaim slob land, it 
would seem that  the difficulties of constructing  and  maintaining a 
deep-water  channel  much farther down the  Lough were  not a t  
present  fully realised. It was  admitted that  the foundations on the 
south side of the river  were good, while those on the  north side 
were treacherous, and  with  this  in view it would  be interesting  to 
know the reasons which  induced the  Author  to adopt the same 
method in renewing the Queen’s quay as had been carried out at   the 
Albert  quay on the opposite side of the river. A paper on Belfast 
Harbour, read by the  Author before the  British Association in 1874,l 
furnished the approximate cost of the Albert  quay. The  length of 
the  quay  was  there  given  as 1776 feet, and  the probable cost a t  com- 
pletion 550,000, or about 228 per  lineal foot. The amount  charged in 
the  annual accounts of the  port  to  the  renewal of the Queen’s quay 
exceeded 562,600, or about 529 per  lineal foot. This seemed a 
high price for work of the  kind constructed on a firm foundation, 
affording a t  best the comparatively  shallow  berthage of 16 feet a t  
low  water, and  the  life of which could not  be expected to exceed 
thirty years. From  the  substitution of American  elm  sheet piles, 
in place of pitch  pine  as used in  the  Albert  quay, it would appear 
that a foundation difficult of penetration  had been  expected. 
Taking  into consideration the circumstance that  the new line of 
quay  was  considerably  inside the old, and  that no cofferdam  would 
have been required  for the construction of a masonry  wall,  such a 
quay could have been built  at  very  little  extra cost. Special 
reasons may  have  led  to  the adoption of a timber  wharf on this 

Tide Report of the Forty-Fourth Meeting, p. 116. 
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site,  but,  without some explanation on the point, it might be thought 
the  failure at   the Spencer  dock had  shaken confidence generally in  
masonry walls. He could not  entirely  agree  with  the  Author as 
to  the cause of this failure. The  fact that  the wall  fell  outwards 
at  the top, and,  revolving  on its toe, broke the  bearing piles across,” 
confirmed his opinion that  the  wall section was too light,  and  that 
with  such  filling  as described, i t  would have  overturned, .no matter 
what  piling  was below it. 

Sir CHARLES HARTLEY communicated, through  the Secretary, 
the result of his personal  examination of certain  quays of modern 
construction  abroad. He visited the  great  Italian  naval  station 
of Bpezia, in December 1865, when he  had the privilege of being 

FIG. 4. FIG. 5. 

‘v! -?--------’m -- : 

conducted over the  site of the  two newly-projected  government 
docks by  the  late General Chiodo, the chief engineer of the 
works. The construction of the first dock was then  in  full pro- 
gress.  According to  General Chiodo, experiments to ascertain 
the  true  nature of the ground, which was composed of sand, 
silt,  and clay, in  varying proportions,  had  demonstrated the neces- 
sity of building the dock walk of unusual  thickness, to  prevent 
them  slipping  forward  by pressure from  behind,  which  expe- 
rience had proved  would  be  exceptionally severe. The quays of 
the  two docks had an  aggregate  length of 7,216 feet.  Two sections 
(Figs. 4 and S) were  adopted, (Fig. 4) for about  a third of the w11ole 
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length,  where  the bottom  was  comparatively solid, and (Fig. 5 )  in  
soft  ground. The  walls were 41 feet high  throughout. It would be 
seen that  in section (Fig. 4) there  was no open  work, and  that  the 
base was 23 feet wide. In  the section (Fig. 5) there were  pockets 
or wells, which  were  afterwards filled with  earth, 15 feet long, 
with division  walls 5 feet thick between them. The base of this 
section was 294 feet wide. In both sections the bottom  was  shown 
to touch the foot of the  wall  at 26 feet 3 inches below t.he water- 
line ; but, in reality, the ground sloped off directly from that depth 
to 32 feet 9 inches, which  was the  depth of the docks  below  sea 
level. The  interior  walls were  built dry in trenches ; but  the  walls 
facing the sea, at   the entrance to  the docks, were  constructed  by 
passing puzzolana through  the  water  in  the  usual  Italian fashion. 
The mode adopted of first building  the  walls,  and  then  letting in  
the water,  had  the  great  advantage of enabling  steam  dredgers  to 
excavate the docks  below the levels reached by  ordinary means. 
The  total expense of dredging,  and  discharging  the  material 
dredged,  was  estimated by General Chiodo a t  10d. per cubic  yard, 
or  only half the  estimate for excavating  and  getting  rid of the 
material, without  the use of floating  plant, 

The  system followed in  building  the  interior dock walls  might 
be  thus described. The necessary excavation  was first made to 
13 feet below the sea level, leaving  the  earth  at  its  natural slope. 
Then,  having  to  lay  the foundations a t  36 feet  under the said level, 
and  to  cut  through a muddy  stratum,  the work  was done in  lengths 
or sections, the  vertical sides of the trenches  being  sustained  by 
boarding  and  heavy  timbering.  The  wall,  as before  observed, was 
built  dry, on a  base of concrete 10 feet  thick, and the  water from 
infiltration  was pumped out of the timbered  lengths  by  means of 
hydraulic machines conveniently placed. The sections  varied from 
26 feet to 33 feet in length,  and between  them like distances were 
left,  and  were filled in afterwards,  when the first sections had been 
raised to a certain  height. In other words, the sections of wall up 
to a height of 23 feet  were  divided from  each other  in  the first 
instance by sections of undisturbed  material, by which means the 
treacherous nature of the ground  was more easily dealt with. The 
concrete  foundation of the dock walls was  composed  of two  parts 
of  puzzolana to one of lime  and  three of broken  stones, thrown 
down from a height of upwards of 30 feet, and cost 158. per cubic 
yard  in place. The body of the walls  was of rubble  set in puzzo- 
lana,  and  the  facing of bricks and  ashlar ; the former being more 
convenient to handle than  ashlar  in  the close timbering of the 
trenches.  Since the works  were completed, only  a slight  settlement 
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of the walls  had been  observed in a  few places, but  they  had no- 
where been thrust  out of the perpendicular. This result,  which 
had been obligingly communicated to  him  by Mr. George  Furness, 
Assoc. Inst. C.E., indicated that if  careful  precautions  were  taken 
in  the erection of  dock walls on ground  peculiarly  liable, as a t  
Spezia, t o  slips, and  if a sufficient weight  was  given  to  the  wall 
to sustain  unusually  great  lateral pressure, an almost  certain  im- 
munity from failure  might be  secured, without  resorting  to  the use 
of bearing piles-on the efficacy  of which  he  thought too much de- 
pendence was  often placed-or  to backing of a  very  expensive  kind. 

He considered that  the Authors of the  Papers on the Avonmouth 
and  the Belfast docks were  deserving of special commendation, for 
the clear and candid  manner in which they  had  related  the  details 
of certain  failures in the dock walls  built  under  their personal 
superintendence. They had  attributed  these  failures princi- 

FIG. 6. 

pally,  if  not  entirely, to the employment of faulty  material for 
backing, no better  being  near a t  hand. It would  be  presumptuous 
in him  to  attempt  to criticise this explanation, as he had  never 
seen the ground. It appeared to him, however, that  the experience 
gained in  the recent  construction of  dock walls in this  country 
might be  usefully compared with  that which  bad been obtained 
a t  Spezia, and also with some other  systems of building  quays 
which  bad lately been practised by  Continental  and  English  engi- 
neers in  foreign  countries. To  three  such  instances  he would  now 
briefly refer. At  the mouth of the Rhone, facing the  river  entrance 
t o  the St. Louis maritime canal, the  quays (Fig. 6), were composed 
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of four concrete  blocks, each 11 feet  long,  8  feet 7 inches wide, 
and 4 feet 1 inch  high,  built on a base of pierres perdues 26 feet 
wide and 6 feet 6 inches  high.  This'concrete  wall  was  sur- 
mounted by a superstructure of rubble, faced with  ashlar, 8  feet 
3 inches in  height,  and 9 feet 6 inches wide. The  total  height 
of the wall,  therefore,  from the coping to  the bottom of the 
dredged  trench, was 31 feet, its width  being 11 feet, the 1engt.h 
of the blocks. The  latter were similar  in  every respect to those 
employed a t  Marseilles,' and cost 18s. 6d. per  cubic yard in 
place. The  total cost per  lineal  yard  was $48, including  dredging, 
staging,  and provisionally  loading the concrete wall with tiers of 
blocks  before adding  the  superstructure, a precaution against 
undue  ultimate  settlement now universally  adoptea in  similar 
structures  by  French engineers. At  the new  harbour a t  Alexan- 
dria,  carried  out  by  English  enterprise,  instead of building con- 
tinuous  quays in  deep water for the accommodation of large 
vessels, the system of projecting  short  jetties from the shore to 
deep water a t  convenient intervals  had been  adopted. These jetties 
were  about 80 feet wide, and extended  about 40 feet from the 
shore or top of the slope, which  had an angle of about 45", and 
was  pitched with stone. The face of each jetty  attained a depth 
of 30 feet of water,  and its superstructure  was  supported  by 
three  iron  cylinders 5 feet in diameter, sunk,  in 6-feet lengths, 
by  pneumatic  barges  and  divers,  unt.il  t,hey reached the rock, a t  a 
depth  varying from 60 to  70 feet below the  water line. On the 
land side, the  superstructure of the  jetties rested on a concrete 
wall founded on the top of the slope. In  the Hooghly, a t  
Calcutta, Mr. W. D. Bruce  had  carried out  with marked success 
extensive jetty works of malleable  iron screw piles, a mode  of 
construction  extremely  well  adapted to soft and sandy strata  in a 
waterway  liable  to be  inconveniently  silted up  by  the projection 
of solid works,  opposed to  the free flow of a current  highly charged 
with alluvion. He had no information  regarding the details of the 
harbour improvements  referred to a t  Alexandria and  at Calcutta, 
but he was satisfied that  Papers  giving 8 full account of these 
important works would be highly valued by  the members of the 
Institution. 

Mr. W. REDFERN K E L L Y  remarked, through  the  Secretary,  with 
reference to  the  failure of the masonry  walls of the entrance to  the 
Spencer dock, that,  independent of the question of the weakness 
of the  piling timbers, the insufficient depth of the footings, or  the 

Vide Miuutes of Proceedings Inst. C.E., vol. xxiv., p. 144. 
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unsuitability of the backing-up  materials, in  the present case the 
wall section  was rather  light ; and  that even had  the  bearing piles 
not  given way in  the manner described, the  wall would eventually 
have been thrust forward in a lateral  direction  by the weight of 
the filling-in  material  behind it. This opinion  was  strengthened 
by the  fact  that  the  walls of the Spencer and  Dufferin docks in  
various places had  bulged  outward ; in  some cases at  and from the 
toe  upwards, whilst in  others the symptoms of weakness were  only 
visible a t  or near  the level of low  water. In many places these ’ 

settlements,  which  were  indicated  by  a  bulging  outwards of the 
work  and  by  vertical  and zigzag fissures in  the masonry, extended 
from the coping to about one-half, and in  some instances one- 
quarter,  the  depth of the wall,  whilst in  others  they extended from 
foundation to coping. This  bulging  out of the walls  varied in 
extent,  being  only  visible in  some  places for a length of about 
10 feet  along the wall, whilst i n  others it extended  over  a length 
of upwards of 50 feet. Some  of the settlements,  which  were 
chiefly lateral,  had  taken  place  prior  to the  tidal  water  being !et 
into  the docks, Ind  whilst  the walls  were “green ” or unseasoned. 
After  the  water  had been admitted to  the works it was  found  t,hat 
its counter-pressure checked, to a considerable extent,  the  outward 
tendency to  settlement of the  walls;  and it was only then  that 
the backing  up of the work could be completed with safety, an 
operation  which had  to be  conducted with  the  greatest  caution 
and  attention. In dealing  with a foundation  subsoil  similar to 
the instance  above  referred  to, he considered that, for an artificial 
foundation,  instead of round piles, heavy  square  timber  should 
always  be adopted, and those  piles driven  with a slight  batter. 
Not  only  should the footings  be deeper than ordinary,  but  the 
section of the  wall should  be  materially  increased,  especially 
when the engineer  was  aware  prior to  designing the  structure  that 
he  had  to  deal  with a material for ‘‘ backing up ” which  was  most 
unsuitable  for that purpose, and  that  he had, as well, to contend 
with a soft, pulpy,  yielding  subsoil  immediately in  front of the 
intended wall. Further, instead of making the platform on the 
top of the  bearing  piles horizontal, it should  be laid a t   an angle of 
90’ with  the  battered face of the wall, the  latter being  not less 
than 1 i n  12, or perhaps more than 1 in  18. Also, the masonry 
courses of the wall  should  be  laid  parallel to  the  platform;  and 
the walls of docks should  where  practicable  be built  with a slight 
camber. 

Mr. WALXSLEY STANLEY observed, through  the Secretary, that 
Mr. Abernethy  had, in reference to  Whitehaven  and  other places, 
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raised the  question of the influence of the projection of piers  into 
a tideway,  across  a foreshore ; but  he submitted that  the present 
Papers  did  not  refer  to such  a  subject. He also dissents  from 
the opinion of the value to be derived by discussing  such  histories 
of failures as were recorded in  the  two first Papers.  There were, 
no doubt, cases where  a  correct  history of a failure of works might 
be of the highest  importance; as, for example, when some new 
element, or combination of elements, of danger  and difficulty had 
been met  with  and successfully  overcome ; but  there  was  nothing 
in these  Papers that  brought  them  within  the above category of 
usefulness. 

Referring  to the Avonmouth dock, 18 inches above equinoctial 
spring  tides for the  top of the temporary  dams  appeared to be 
a small  margin for  safety.  As  regarded the locks, he considered 
the foundations to have been exceptionally good. The difficulties 
with  the springs  had been created  by  the  mistaken idea of trying 
t o  weight  them back, thus  driving  them  hither  and  thither, till 
the whole  surface of the foundation  was  disturbed.  Where it was 
found that so thin a layer of clay  kept back thesksprings.  he saw 
no reason why it should have been  removed. Had  the whole area 
of the foundations  been  surrounded by  sheeting,  then excavated 
and filled to  the requisite  depth with hydraulic concrete, and  the 
springs carried up  with  and over the work  by pipes, to  such 
height  as  they  ran  free of sand, and  the  water  kept from the 
concrete till it was  properly  set, no difficulty  ought  to  have been 
experienced. Cast-iron paddle-frames, especially in  conjunction 
with  brass faces and  salt  water, seemed a  bad and costly arrange- 
ment. The settlement of the recess and the rising of the outer 
platform  appeared to be due  to no invert  or  extra thickness of 
foundation having been carried below this  vital part. The idea of 
the  Author  that  the  settlement of the recess was partly  the cause 
of the  rising of the  platform could  scarcely  be correct, as t.his latter 
did  not  appear  to  have commenced till some time  after  the  settle- 
ment. The connection  between the pressure of the  tide on the out- 
side of the apron  and  the first rising of this platform, and  the  fact 
that  when  water  was  admitted  into t,he lock the platform sank 
again  to its former  level, appeared just;  but it conveyed to his 
mind the possibility that some day,  when the gates  were  shut,  and 
a heavy  pressure  was  retained  inside, there would be danger of a 
“ blow”  under the sill. He thought  that  the  water  “which  has 
burst  up  behind  the row of piles in  front of the outer  invert,  and 
has  brought  up a quant.ity of sand from the bottom between  the 
piles and  the masonry,” was  indicative of  some such action. He 
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presumed that  the rolIer paths  had been relaid 3 inches  lower, to 
restore them  to  the  level  they occupied  before the  rising of the 
platform of which  they formed part;  but no description  had been 
given of how  this  important  and  interesting work bad  been carried 
out. It was  stated  that a  roller path had been  added after the 
rising of the platform, to support  the  mitre post and outer  end of the 
gate, and  that  the roller for the  latter “ was  not made adjustable.” 
How  then,  he should like to  know,  were the  gates supported,  when 
“after  the admission of the water, the roller  paths  have  slowly 
sunk  to  their former  levels ” ? With a  shaky  gate recess, a  plat- 
form that oscillated  backwards and forwards as  the  water was in  
or  out of the lock, and  a  gate  with  a flexible nose and  an  inadjust- 
able  wheel  under it,  he could not  assent that “ the admission of the 
water made everything safe.” He did not see how  repairs  were to 
be effected in the  upper  pair of gates and platforms, as no pro- 
vision  for  placing  a caisson  above them  had been  made ; and  to 
run  the  water  out of the dock  would probably cause serious failures 
in  the dock walls. As regarded  the lock  gates, sound, lasting  and 
rigid work could not follow the use of woods of different densities 
in  such a situation. The  suitability of the material in this case 
depended upon the  extent of sea exposure, and  whether the teredo 
navalis or  other  destructive  insects  existed in  the water.  Information 
on  these  points  had  not been given. Memel and  other  light  timbers 
were objectionable, as  their  low specific gravity rendered  them 
liable  to be torn from the hollow quoin  fastenings. Having  the back 
of the  gate a  continuous  circle of so sharp a  radius caused several 
disadvantages,  especially  as  regarded wooden gates; it neces- 
sitated  the employment of compound ribs, extra  weight of bolting, 
strapping,  and  bracing; deeper gate recesses, and obstruction of 
the quays, as  well  as  unnecessarily  heavy  fender and  filling-up 
pieces to maintain the  continuity of the face of the lock and 
entrance  walls. It was difficult to brace such  a structure,  and 
with so much  belly  overhanging, the gate  did  not  travel  steadily. 
By attention  being  drawn  to  the  curvature of the sill, to  the 
laminated  ribs,  and  their  butt  joints,  and  by  the calculations, the 
Author  appears to have  treated  the  gates  as if they were a fixed 
laminated  arch,  and to have conceived this was an improvement on 
the .old system. It was  remarkable, however, that  in  the works a t  
Whitehaven, designed by the same engineer  four  years  later, the 
usual  straight sill and  gates  had been reverted to. The middle 
and  outer  gate seemed to have been constructed according to a 
design in use at  the Liverpool docks. He believed the system 
was first devised by  the  late  Mr.  Jesse  Hartley,  twenty-two  years 
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ago, for the  long  gates for a 100-feet lock;  but  the necessity  or 
economy of adopting such a t,ype for,  a 70-feet entrance  was  not 
apparent. It was stated  that ‘L when  a gate  was moved on its 
roller ” “ it did  not  stand  plumb,  but hung forward  to  the  extent 
of 14 inches,”and  this  notwithstanding  the  gates were ‘ I  thoroughly 
braced and  tied  by  wrought-iron  straps, bolts, and  timber  walings ;” 
and  that  in order  to  obtain  a good mitre  joint, a small  roller,” 
L‘ not adjustable,” was placed under  the  mitre post, “and  an 
additional  roller-path  laid down for it to  run on.” No cause was 
assigned  for this  failure,  nor was it stated  whether one of the,  or 
all  the gates, were similarly affected ; but such a striking,  and, t,o 
him,  unheard of experience,  needed full explanation. He dissented 
from the  rule  laid down  for  fixing the position of the rollers, the 
effect of which  would be to  bring  the whole weight of the  gate upon 
the rollers,  instead of dividing it so as to  place  half on the pivot. 
That  the gates  had been  worked since with ease was  doubtless  due, 
not to the position of the roller  as  designed, nor t o  the assistance 
of the  additional one placed  under the  mitre,  but to the buoyancy 
of the pine  ribs.  Here  again  there  was  a  remarkable difference in 
the designs of the same  engineer ; for whilst a t  Avonmouth a rule 
had been  given  which  threw  the  whole  weight of the  gate on the 
roller, a t  Whitehaven the roller  was so placed as t o  take  about 
half the weight of the  gate.  Referring  to  the 100-feet dock gates 
at Liverpool, Mr. Bromne  had  expressed an opinion that they, 
as well as gates  generally,  would be better  built of iron. But 
experience  had  shown that  at  Liverpool the action of salt  water 
mixed with sewage  speedily  reduced  iron  to  such  a  state  that it 
could be cut  like plumbago, and  that  galvanising added  only 
about  two  years to its life. Generally, from its superior  elasticity, 
solidity,  longevity,  and  cheapness,  preference  must be given  to 
wood in such  situations. 

Before designing  the dock walls,  the  exact  nature of the  strata  in 
the line, and for some distance on each  side of the walls, shoulcl 
have been ascertained. Nothing of this  kind  appeared to  have 
been  done until  after  the  failure of the  west wall. The reasons 
given for the  failure of the west  wall  did  not  appear  conclusive ; 
and no explanation  had been advanced  for the  greater  failure of 
the east  wall,  where  similar  causes of failure were not found. .All 
these  movements in the wall  were  clearly  traceable  to the improper 
nature of the  backing employed, t o  the  haste  with  which 66 the 
stuff immediately in  front of the  wall was ” lifted  up  in  skips  and 
barrows,” and  tipped behind,” and  to  the  fact  “that  though 
numerous  weep  holes  were  left, the  water  drained  imperfectly 
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through  them,  completely  saturating  the  clay”  backing.  Had 
layers of faggots been laid  against  the back of the wall, and 
layers of faggots  and coarse gravel  alternated  with  the beds of 
clay filling, or other  similar  expedients been resorted to with  due 
care, the wall  would  have stood, as  portions of it did,  nearly  fully 
backed up, for seven years. He agreed  with Mr. Giles that it was 
weight  not bond that was of the  greatest  importance  in  a dock 
wall;  but no reasonable  extra  weight would  have  secured  these 
walls  against  the  treatment  they received. It was instruct,ive t o  
remark how walls of ;equal height  and  lighter section stood a t  
Whitehaven,  although on worse foundation. The remedy of piling 
behind  a  wall in movement  was a  dangerous one, and  the  small 
footing of ‘ L  4 feet by 4 feet”  must  have been quite inoperative. 
No description had  been given of the  formation of the  south slope. 
The  total cost appeared  to  have been very  heavy.  Looking  back 
at  the  result of all  the operations-with an area  laid  bare  by  being 
enclosed within  artificial dams, where  the  work could be carried 
on leisurely and systematically,  free of all t,idal  interruption- 
with  a capital  foundation of clay  and sand,  and with  little  water 
from springs or leakage-with all  these  advantages,  what  were 
the results ? Failures in  the  wing mall, in  the apron  to  thg lock, 
in  the recess of the  outer  pair of gates, and  in  the  platform of the 
gates, and  in  the dock gates ; failure,  more  or less, of all  the dock 
walls, and of the warehouses on the quays. 

The  questions for  consideration  then  were :-First, were  these 
failures through  any new  elements of danger, or new combi- 
nation of elements, or  did  they  arise  from  want of proper  exami- 
nation before the design  and  execution of the work ? Secondly, 
the  failures  having  taken place, whether  the remedies were  such 
as  by  their  ingenuity and completeness could  be  recommended as 
examples to be  followed. I n  his  opinion  not  a  single  element of 
danger was new, or which  by  ordinary care and foresight and 
every-day  appliance  should  ’have  resulted in failure. Nor did  he 
find that a single one of the  failures recorded had  been remedied. 

With respect to Belfast  harbour,  the  foundations for the dock 
walls  were no doubt  exceedingly bad, as  indicated  by the low 
inclination a t  which the slopes had  to be taken. The  breaking 
of the piles w3s not, in  his view, a proof that  they were too light, 
but  that when  the  forward movement at  the top of the  wall  took 
place  an  undue  weight  had been thrown on the  front row of piles. 
His impression, after  studying  the  very  general description given 
by  the  Author,  was  that here, as  at  the Avonmouth docks, the 
failure was  due to  the improper  nature of the  backing placed 
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behind the walls. Could any  other  result be expected  from using 
a “pulpy semi-fluid  mass ” ? If a properly-disposed filling of 
brushwood and  turf,  in  layers,  had been used for some distance 
back from the walls, he  thought  they would have stood without 
movement.  Looking to  the  large  amount of excarations in slopes 
in such  material,  he  thought  the  stereotyped form of dock wall 
could well  have  been  departed from. For example,  rows of brick 
or iron  cylinders could have been sunk before making  any exca- 
vations ; and afterwards the cylinders themselves, and  the spaces 
between them if  necessary, could have been filled with concrete ; or 
the  wall  might  have been built in sections on a crib  and  sunk  by 
pneumatic pressure. Here  again,  as  at  the Avonmouth dock, the 
counter  hydraulic principle of letting in the  water  to  support  the 
walls  had been  used, but  with only partial success. The Dufferin 
tidal dock  entrance, 60 feet wide, must,  he presumed,  have  been 
carried  out at  the same time  as  the  walls described; but no de- 
scription of this,  the most important  part of the work,  had been 
given, He not,iced also that  there was  no  statement of the cost of 
the various works, with  the exception of the timber-wharf  facing, 
after  the  designs of Messrs. Walker  and  Burges in 1847. He 
considered this  Paper afforded little useful  information of the 
works it professed to describe. The only part  where  details were 
entered  into  was as regarded  certain  failures in dock  and  entrance 
walls, but even  these  were  oot  represented  in  such  a  way  as  to 
make it intelligible  how  such  designs came to be  adopted. The 
failures  were  not  shown  to be attributable  to  any  new elements 
of danger,  and  the  way  they were overcome did  not  afford any 
example for the profession. 

The  Paper on the Whitehaven docks contrasted  favourably 
with  the  two former,  inasmuch as  everything  was referred to 
under  special  headings in a  clear and succinct  manner.  The 
designs and mode of carrying  out  the  work seemed to have been 
carefully considered, and,  notwithstanding  many difficulties, it had 
been  successfully executed in a short time. One failure of slight 
extent occurred, and  the  workmanlike  way  in  which it had been 
met  served as  an indication of the  ability  which  had guided the 
other portions. It was  not,  however,  explained  why  the  sill of the 
other dock entrance  was  made flat, whilst an  invert was used 
in  the chamber ; and it would  be interesting  to  learn  why  pitch 
pine  was used in  the gates, and  if it was creosoted, as  he believed 
the teredo navalis existed a t  Whitehaven. 

Mr. STONEY observed, through  the Secretary, that, notwithstand- 
ing the dearness of iron in  1873, he doubted the advantage  or 
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economy of timber  for  the  gates of the Avonmouth dock. It 
was  stated that 42 tons,  or  one-fifth of the  weight of each pair 
of  gates,  was iron-no doubt for the most part  in  the form of 
expensive  forgings, as  their cost  appeared to be  about 550 per  ton, 
which would have  paid for double the  weight of plated work, even 
in 1873. Considering,  however, the  durability,  strength, stiffness, 
freedom from worm, and  simplicity of construction, of iron as 
compared with timber, in  large  gates,  the  advantage  was  altogether 
with  the former.  As to  durability,  the  iron  gates of the  large 
graving dock in Dublin, of 70-feet span,  were  now more than 
twenty years old, and  apparently were nearly  as  sound  as  ever, 
with  the exception of the timber  joining pieces at   the heel and 
meeting posts and  the sill,  which  were  completely honey-combed 
by  marine worms, and would shortly need renewal.  Properly- 
,designed  iron  gates would not  have  overhung or become  deformed 
in the manner described in  the Paper ; and  the remedies which  had 
been  adopted, viz., additional  rollers  and  roller  paths,  always  gave 
trouble ; they were difficult to keep clean and  in order  under water, 
.and were especially so in  the case in  point, on account of the  critical 
.movements in  the floor of the  gate chamber, a matter which would 
probably  give great  trouble some years hence when the  gates needed 
extensive  repairs or renewal. It had  generally been the practice, 
following  precedent, to support  large  gates on roller paths;  but 
this was  by no means necessary, or indeed desirable ; for iron  gates 
might be supported by  the pintles alone, like  an  ordinary house 
door, and  when  thus  hung  their  friction was greatly reduced and 
the cost and trouble of rollers and roller paths were avoided. 
About five years  since the roller  and  roller  path of one leaf of the 
Dublin  graving dock gates  above-mentioned  got out of order, 
causing excessive friction. Instead of going to  the expense of 
repairing  them  under  water,  he adopted the expedient of tying 
back the upper  pintle  by  strong  wrought-iron anchor bars  with 
adjusting screws, and  lifting  the  roller so that  the  weight of the 
gate  did  not bear on the roller  path. The  result  was  that  this 
leaf was far easier to move than  the  other one, and  had  given no 
trouble since the change. Having  regard to the increasing  length 
of ocean steamers, the entrance  lock of the Avonmouth dock 
seemed short,  and a t  present  several American liners could not 
enter it. In   this  respect the new  Barrow docks had the advantage, 
for their  entrance lock was 900 feet long.  One of these  long 
steamers could not turn  in the*Avonmouth dock, even if vessels 
were lying  only one  deep along one quay  and  the opposite  side 
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were  vacant ; both sides together  would  only accommodate six of 
these  liners at  the same time  with  quay berths, so that in this 
view of the  matter  the cost per  berth of an ocean steamer  was  in 
round  numbers &54,000, which seemed high. 

Mr. MACKENZIE, in  reply to  Mr. Doherty’s communication through 
the Secretary, observed that he  had  had  a suspicion that  the 
springs  were  due  to  filtration from the  adjoining river, but  his 
experience a t  Avonmouth  had not confirmed it. He had  watched 
the  springs closely when the bottoms  were  taken  out,  with the 
sand exposed and  ready for putting  the  foundation on, and  he 
expected that  at  the period of high  water  ,the volume of water 
issuing  would  be  considerably  increased ; but  he  never could 
observe that  there was any  appreciable difference. In some of the 
principal springs  the  taste was not  particularly brackish. 

Whilst  dissenting  from the opinions of the  value to be  derived 
by  discussing  such  histories of failures,” Nr. Stanley  had  entered 
into a lengthened  and  minute  discussion of them,  and confessed 
that some  of the failures  were “ striking ” and “ unheard of ” ex- 
periences, and,  as  regarded one of them, desired to know “ how this 
important  and  interesting work  was  carried out”? In reply Mr. 
Mackenzie  would  refer  to  these  observations in the order  in  which 
they  occurred  in this communication. 

The  top of the temporary  clay dam was at  the same  level as the 
sea walls of the  adjoining  marsh lands.  These  walls  had  served 
the purpose of excluding the Severn  tides, no instance of failure 
being on record. No attempts  had been made t o  drive  springs 
hither  and  thither. It was  sought  to collect the weak springs 
into  the  outlets  provided for the  strong  ones;  the weak springs 
referred to being, in most instances, weepings in  the sand, so 
numerous that  to provide  for  them  separately would have  riddled 
the whole area, of the  foundations  with pipes. Where powerful 
springs  occurred,  they  were  treated in  the manner described by 
Mr. Stanley-except  where it was impossible, as under  a  roller 
path-or  unadvisable,  as  under  the  foundations of walls. In 
these cases horizontal  pipes  were used to  divert  the  springs 
t o  suitable places of outlet,  ‘‘Where it was found that so thin 
a  layer of clay kept back  these  springs,”  the  clay  had  not been 
removed. 

The opinion expressed of cast-iron paddles with  brass faces was 
in contradiction of well  known  facts. Mr. Harrison,  describing tb 

similar  arrangement for the  sluiceways of the TyneDocks, remarked, 
“ The sluices at  Hartlepool  were so constructed  by Sir  John Hennie, 
and on examination,  a  short  time ago, they  were found to be 
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as  perfect as when first made.” 1 Masonry for wood paddles  was 
much more expensive than for iron ones, and  the former  were 
more difficult to work by  hand power, which,  eyen  where  hydraulic 
power  was provided, had occasionally to be  resorted to. 

It would  have been better  had  the masonry under  the  outer 
platform been thicker ; but  he  thought  the ‘‘ danger of a blow under 
the sill ” would not be deemed of an  alarming character, especially 
since the  water  which  sprang up beside the  piling of the outer 
invert,  and at; places in  the apron,  gradually  and  entirely ceased, 
and since no symptoms of movement  or  disturbance had been 
observed. When  he  had  referred  to  a  rising of the outer  platform 
of 3 inches, he  did  not suppose it would be  inferred that the whole 
area of the platform  was forced up  to  that extent. Obviously, 
such  a rising would  be greatest  about  the  middle of the platform, 
and would diminish to  nothing  at  the sidea. The p1atfo.m ‘re- 
mained unmoved along the  gate recesses and  behind the gill, and  the 
3 inches of rise occurred about  the middle of the platform,  half-way 
between the  invert  and  the sill. The  greatest  extent ,b which the 
movement  necessitated the lowering of the roller path  was 16 inch, 
and  this  at only one point  near the centre. The subsequent depres- 
sion of the platform would therefore  give the roller  pathaa slight 
inclination from the centre  towards the ends. The  unadjustable 
roller  under the  mitre post  excited great  surprise,  and Mri 6tanley 
appeared  never to have  heard before of gates  being out  of plumb. 
The  Author believed the difficulty to be as old as  the  building of 
dock gates, and  that it happened  even with small ones. , He’knew 
of three  large docks in  the Bristol  Channel, each of them by dif- 
ferent  engineers,  where the difficulty occurred, and where  different 
measures had been taken  to remedy the defect. In one instahed. 
the gates  overhung 7 inches. They were secured in  an  upright 
position  while the  mitre  joint was made, but  nothing was done to 
secure them  travelling in  that position. He believed there  had 
been no difficulty in  working  them. The mitres came together a t  
the  top first, and  then  the pressure  gradually closes them in their 
proper positions. In this case the  gates  had a  “flexible nose,” but 
this was nevertheless the  usual  way of getting over the difficulty. 
In the case of Avonmouth, the overhang W% too great  to be  over- 
come in  this way, and  the “ inadjustable ” roller  was fixed t o  
enable the  mitre  joint  to be properly made and  to prevent the 
gates having a  “flexible nose.” The contrivance  had effected 
these purposes successfully, and  the  Authm believed it-had been 
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the best  remedy  under the circumstances. It might now be asked 
whether Mr.  Stanley’s description of “ a shaky gate-recess, a plat- 
form that oscillated backwards and forwards as  the  water  was  in 
or  out of the lock, and a gate  with a flexible nose and  an  unad- 
justable wheel under it,” was  warranted  by the facts ? The  “shaky 
gate-recess ” appeared to be the consequence of a slight settlement 
which occurred in  a mass of masonry 55 feet in height,  built upon 
h e  sand  foundations from which  a  large  quantity of water  was 
constantly  being pumped, and  which  had never  since shown the 
slightest  signs of movement. The “ oscillating  platform ” described 
the rise of the platform, the greatest  ext,ent of which  had been 
3 inches a t  one point, caused by a head of 44 feet of water on a 
temporary  dam,  and  which,  after the removal of this dam,  subsided 
to its former level, this one rise  and subsidence being the only 
oscillation that  had occurred  or  was ever  likely to occur. The inad- 
justable wheel ” had  quite cured the flexible nose,” and enabled 
the  gates  to  travel  with steadiness. As to  the admission of the 
water making  everything safe, the Author  preferred his knowledge 
of the fact  to Mr. Stanley’s opinion. It was further asserted that 
no provision  had been  made at   the upper  end of the lock for a 
caisson. ‘This was  not the fact, as would be seen by  referring  to 
the plan. As to the  suitability of  wood for the gates,  the  result 
of inquiries was, that neither  the teredo navalis nor any  other 
destructive worm existed in  the Bristol Channel.  Mr. Stanley 
thought  the  gates could not  be good  ones when  made of  wood  of 
different  densities, and  that Memel and  light  timbers were objec- 
tionable on account of their low specific gravity ; but “ Memel and 
other  light  timbers ” retained  their  low specific gravity only  a 
short  time in a dock gate almost  constantly  under  water. 

The danger of the gates  being “torn from the hollow quoin 
fastenings,” as regarded Avonmouth, was an  imaginary one. The 
‘‘ deeper gate recesses ” had  not been  found an ‘‘ obstruction to  the 
quays,” and  “heavy fenders ” (or light ones) were  not  required 
a t  Avonmouth. The  gates were well braced without  difficulty; 
and,  notwithstanding  the ‘( overhanging belly,” whatever that was, 
the gates  travelled with ease and steadiness. Mr. Stanley  had  not 
stated  what  he considered was the ‘‘ old system ” of treating dock 
gates ; but  the  Author could not claim the merit of novelty in  the 
way in which he  had  treated  those at Avonmouth, as Mr. P. W. 
Barlow had explained the aame system  many  years ago, Mr. 
Kingsbury applied it to  the Victoria dock gates, and  many  other 

Vide Transactions Inst. C.E., vol. i., p. 67. 
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engineers  had  adopted it. .As to L L  the necessity or  economy” of 
adopting Mr. Hartley’s  type of gate for a 70-feet entrance”  not 
being  apparent-the necessity ” was that circular  sills  had been 
already  laid  down to  suit  iron designs when t.he change  to  timber 
gates  was decided on;  the “economy”  that,  having  to make 
curved  timber  gates, the design  was adopted which  involved the 
least  waste of material.  Notwithstanding  the  dissent expressed 
from the ‘‘ rule  laid  down for fixing the positions of the rollers,” it 
was the one adopted  generally in  this  country for large  circular 
gates. Nr. Hayter,  representing  a firm who  had designed many 
of the  largest curved  gates yet built, mentioned that it wsls the 
practice of his  firm to fix the position of the roller by  this rule. 
It was the position that gave  the  greatest steadiness in travelling, 
and  the  least  racking  and  working ” at  the joints,  which, in 
large gates of the  Aronmouth  type, composed of so many pieces, 
and  with so many  joints,  was  a  matter of the greatest  import- 
ance. On the  other  hand, for straight  gates  the usual  practice 
was to  place the  roller so as  to bear  about  half  the  weight;  and 
this was doubtless the most suitable position, especially for small 
gates.  Those a t  Whitehaven  were of the  straight  type,  and  had 
about  half the head of water  to resist that  the Avonmouth ones 
had;  the  span also was less than  at Avonmonth. 

Upon  such  assertions as, that it appeared that nothing  was done 
towards  ascertaining L‘ the  nature of the strata,” and  this  notwith- 
standing a reference in  the  Paper  to  trial borings  reaching 16 feet 
under low water of equinoctional spring tides,” it was easy to found 
a charge of want of “ ordinary  care  and foresight.” The  Author 
did not know any more careful way of backing a wall than  by 
depositing the stuff in  barrowsfull and skipsfull, and spreading, 
levelling, and  punning,  as  he  had aescribed. How  layers of 
faggots ” would have helped matters,  when  the  backing  was 
reduced to nearly  a  fluid  state  by  saturation from rain  after 
it had been  deposited, the Author  did  not  understand. It was 
stated  that  the  total cost appeared to have been very heavy,”  but, 
not a single  item  was  indicated in support of the  statement;  and 
the Author  must  content himself with  asserting  the contrary, that, 
considering the  nature  and  extent of the work, the  total cost had 
been  moderate.  Mr. Stanley  having  invented  a L L  capital  founda- 
tion,” and  other advantages,  enumerated a list of failures, of which 
it need  only be  remarked that, if  every  slight  settlement in a heavy 
mass of masonry resting on alluvial  foundations was to be set down 
as a  failure, the number of engineers who had  built works in such 
situations  without  failure  must be exceedingly small. Regarding 
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the l‘ questions  for consideration,” and  the  statement  that  not “ a 
single one of the failures recorded had been  remedied ” since the 
dock was completed two  years ago, not  the  slightest symptom  had 
been  observed that  the remedies  described in  the Paper  had  not 
been completely successful. For  the rest, Mr. Stanley seemed to 
know a good deal  after  the event, but  the  Author  submitted  that 
the information  was  not  sufficiently  ample  or  correct to sustain the 
conclusions arrived  at. 

There appeared to be  a  misunderstanding with regard to  the 
quantity  and price of iron in  the dock gates. The 42 tons of iron 
included-as would  be seen by  referring to  the list under the 
heading “ prices of the work ’’-(l castings,  including anchors, gate 
sluices, two  sets of rollers  and paths  to each leaf, pivots, &C.” The 
-first part of the list gave  the  price of the gates  per  cubic foot, and 
stated  separately  the cost of “ straps  and bolts,” and  the above- 
mentioned  castings, &c. ; the second part  gave  the price  per  square 
foot of gate;  and  both  the above  items  had been lumped  together 
as “ Ironwork.” The cost of wrought  iron in  one pair of gates  was 
obtained thus:  straps  and bolts, 9,710 cubic  feet at 1s. l l t d .  = 
5940 13s. 2d. This  amount represented the cost of 42 tons of 
wrought iron in  one pair of outer  gates,  which  gave  about 
S22 8s. per ton, instead of $50 as stated  by Mr.  Stoney. With 
regard  to  the economy of timber  gates compared with iron, 
it might be  noted, that Mr. Hayter mentioned, as  the  result of his 
experience, that iron  gates cost on an average 5 1  15s. per 
square foot of gate,  against 5 1  6s. l?d., the cost of the Avon- 
mouth  gates  given in  the Paper. This represented  a  saving in 
favour of timber of 8s. lO$cl. per  square foot, and a total  saving on 
the  three  pairs of gates a t  Avonmouth of about 55,366. It should 
be recollected, too, that  the Avonmouth  price  included two  sets of 
roller  paths, &c. 

Mr. T. R. SALMOXD observed, through  the  Secretary,  that Mr. 
Griffith  was slightly in  error  with  regard  to  the  relative cost of 
the construction of the Queen’s quay  as compared with  the  Albert 
quay,  since the amount  paid to the contractor  for the  latter work 
was %41,601  18s. 4d., whilst  that paid for the Queen’s quay works 
was 557,358 15s. 6d. When  comparing the cost of works contracted 
for in 1572 and those  contracted for in 1875, it should  be remem- 
bered that  in  the former  year the prices of labour  and  material 
varied from 15 to 25 per cent. less than  in  the  latter  year;  and 
further, it should be borne in  mind that  the Queen’s quay works 
were  considerably greater  than those of the Albert  quay,  as  about 
4 acre8  of the old quays, from coping to lom-water  mark,  had  to be 
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removed and conveyed to a  dist,ance, for the purpose of making  up 
reclaimed  lands. The  approximate  estimate of %50,000, given by 
him  when the  Albert  quay  was in  course of construction,  included 
the cost of all collateral  works over and above the contract  amount, 
such  as sewers, drains,  gas  and  water-piping,  lines of tramway, 
square  sets  and  boulder  paving, &c. The objections to the con- 
struction of a permanent  stone  structure  along the Queen’s quay 
were, first, the prime cost, which would be  considerable compared 
with  that of a timber wharf;  and secondly, that  the requirements 
of the port and  harbour of Belfast  for the  next  century could not 
be  anticipated,  as the  depth of water now  provided  for might  not 
within  the  next  fifty  years be  adequate  for the requirements of 
a class of vessels which  might traffic to  this port. On the  poht  of 
economy,  obviously if  the cost of a timber  structure  was %58,000, 
and of a  permanent  stone  structure 568,000, the difference was 
Sl0,OOO. Assuming, then,  that  the  timber  structure,  the  greater 
portions of the exposed parts of which  were creosoted, should  have 
a n  existence of forty years  (the old quay  which it ,replaced, though 
not creosoted, lasted thirty years), the value of the sum of 510,000, 
at 5 per cent. compound interest, would amount to 570,040, which 
sum,  even  allowing for the probable  increase in the cost of labour 
and material, would, at   the expiration of the  term of existence 
assumed  for the wharf,  be sufficient to re-construct it ; or  if at  that 
time it was  determined to erect  a  stone or concrete.wal1, the same 
Burn of money  would be in  hand for that purpose,  independently of 
which the sheeting piles, driven  in connection with  the timber 
structure, could be  utilised  for the facing of the  substructure of 
the concrete  work, the cost of which  timber facework  amounted 
originally  to  upwards of 514,700. 

In reply to Mr. Hayter’s  observations relative  to  the various 
methods  suggested by Sir John  Hawkshaw for securing the 
walls of the Dufferin and Spencer docks, he  might  state  that  the 
settlements in  the walls  referred to had  for the most part 
subsided  prior t o  his  appointment to  the engineership of the 
Belfast harbour, in  the  year 1871. The Spencer  dock entrance 
wall  was  the  only exception. This  wall collapsed in  the most 
sudden  and  startling  manner, for, though  carefully  watched, the 
indications of settlement  were no greater in  this  part of the work 
than  in others  where  the walls  were a t  present  standing, to all 
appearance, firm and  stable;  and even up  to  within  an hour before 
the final giving  way of the wall,  workmen  were  engaged in  the 
removal of the heavy, and  the  substitution of light,  material for 
“ backing.” The men  had  only left  the work  a very  short  time 
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when  the  wall collapsed-a fortunate occurrence, as,  had it given 
way  whilst  the men were a t  work, great loss of life  would pro- 
bably  have  attended  the disaster. 

Mr. J. EVELYN WILLIAMS, in  reply  to Mr.  Stanley’s  communica- 
tion  through  the  Secretary, observed that a sill with  radiating 
joints on plan, and curved in elevation,  was  a very costly piece of 
work,  owing to  the additional  waste of material  and  extra  labour 
in working  and  setting.  Further, it sometimes  happencd that a 
vessel’s fender,  or  other  matter,  got jammed  between the  gate  and 
the face of the sill, It was obvious that mischief of this  nature 
would  be less likely to happen with a  flat  sill,  where  the  area 
of meeting  surface  was  a  minimum, and  constant  throughout. 
TO avoid danger  arising from the hydrostatic  pressure of the 
head of water in the dock, it would  be  noticed that  the thickness of 
concrete  under the  sill  was in  excess of that under the invert. 
With reference to  the use of pitch  pine for the  ribs  and  planking 
of the gates, it was  found that locally, with  the exception of 
greenheart,  pitch  pine yielded less rapidly  than  other wood to  the 
ravages of the worm. The  timber  was not creosoted, but received 
three coats of Stockholm tar. 

Mr. GEORGE FOSBERP LYSTER states, in a letter  to  the Secretary, 
that  the dock referred to  by Nr. Doherty was  never abandoned as 
it graving  dock;  and  that, since his  report for the year ending 
24th  June, 1867, no difficulty has been  experienced in connection 
with  the I‘ springs,” while the dock has been in constant use. 

November 19,1878. 

JAMES ABERNETHY, Vice-President, 
in  the Chair. 

November 26, 1878. 
JOHN FREDERIC BATEMAN, F.R.SS. L. & E., President, 

in the Chair. 

The discussion upon the preceding  Papers,  on the Avonmoutl-a 
Dock, Belfast  Harbour,  and  the  Whitehaven  Harbour and Dock. 
Works, occupied these meetings. 
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